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Advertifement I. 

^ jR / of the en- 
duing Difcourfe a* 
bout Light *was 
'written at the De- 
fire of fome Gjert-r 
tlemen $ftbe Royal-Society, in 
the Tear 167?, and then fent to 
their Secretary, and read at their 
Meetings, and the refiixas add- 
ed about fwehe Tears aftef to 
complete the Theory) except the 
third Book, and the laft Propo- 
fition of the Second, 'which 'were 
fince put together out of feat- 
terd Papers, To avoid be- 
ing engaged in Difputes about 

A 2 tbeje 
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the fe Matters, I have hitherto de- 
layed the printing, and jhould 
flill have delayed it, had not the 
Importunity of Friends prevailed 
upon me. If any other Papers 
fivrit on this Subject are got out 
of my Hands they are imperfeit, 
and ivere perhaps ^written before 
I had tried all the Experiments 
here fet doixn, and fully fatisfi- 
ed my felf about theLains ofRe- 
frailions and Compofition of Co- 
lours. I have here publipd 'what 
I think proper to come abroad, 
ivijhing that it may not be tran- 
flated into another I^an^uage 
^without my Confent. 

TheCro-vimof Co/ours, ivhieh 
fome times appear about, the Sun 
and Moon, I have endeavoured 
to give an yiccount of) but for 

vjant 



^ivant of fufficient Obfervations 
ieame thut Matter to befarther 
examined, . The SubjeU of the 
Third Book I ha^e alfo kft im- 
perfeiff not having tried a/l the 
Experiments *which I intended 
'Vjhen I:mas about the fe Matters, 
nor repeated fome oftbofe nxhicb 
J did try, until I had fatisjied 
my felfubout all their Circum- 
fiances. • To communicate 'ivhat 
I bave^ried, and leave the refi 
to others for farther Enquiry, 
is all my Defign in publijhing 
tbefe Papers. 

inahettervirittento MrJLcih- 
nitz in the Tear 1 6^^, and pub- 
lifhed by Dr. Wallis, / mention d 
a Method by ivbich I had found 
fome general Theorems about 
fquaring Curvilinear Figures, 

or 
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^r comparing them mth the Co* 
nic SeaionSy or other tbefimplejl 
Figures mth ivhich they may be 
compared. And fome tears ago 
I lent out a Manufcript contain- 
ing fuch Theorems, and having 
fince met ivithfome Things copi" 
ed out !of it, Iba^e on this Occa- 
fjon made it public k, pre filling to 
it ^//Introdudion, and^fuhjoin- 
inga Scholium concerning that 
Method, Andihave joinedmth 
it another fmall TraB concern- 
ing the Curvilinear Figures of 
the Second Kind, "which "was alfo 
ivritten many Tears ago, and 
made kntmn to fome Friends, 
naha have folicitea the making it 
publick, 

April X. ¥ "M 



Advcrtifement IL 




\N this Second Edition 
oftbefeOpticks I have 
omitted the Mat hema- 
tic ah Tra£is publiflid 
at the End of the former EM- 
tion, as not belonging to the 
SubjeB. And at the End of 
the Third Book I have added 
fame f^uefiions. And to' flevi 
that I do not take Gravity for 
an effential Property of Bodies y 
I have e^ed one yuefiion, conr 
cernim its- Caufe, chufing to 
propoR it by viay of a Queftif 
on, becaufe I am not yet fatif 
fifd ahm it for vtant of Expe^ 
riments. 
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Advertisement to this 
Fourth Edition. 

HIS new 'Edition of 
Sir Ifaac Newton s 
Opticks /> carefully 
printed from the Third 
Edition, as it ixas correBed by 
the Authors own Hand, and 
left before his Death with the 
Dookfeller, Since Sir IfaacV 
LeSiones Opticae, which he 
publickly read in the Univerfity 
of Cambridge in the Tears 
l66p, 1^70, and i6yiy are 
lately printed, it has been thought 
proper to make at the bottom of 
the Pages fever al Citations from 
thence, where may be found the 
Demonjirations, whico the Au- 
thor omitted in thefe Opticks. 
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PART I. 



Y Dcfign in this Book is not to ex- 
plain the Properties of Light by Hy- 
pothefes, but to propofe and prove 
them by Reafon ana Expcrinients : 
In order to which I (hall premife the 




following Definitions and Axioms. 
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DEFINiriONS. 

D E F I N. L 

BT the Rays of Light I under/land its leaft 
Parts^ and tbofe as well SucceJ/ive in the 
fame LineSj as Contemporary in feveral Lines. 
For it Ts manifeft that Light confifts of Parts, 
both Succcflive and Contemporary; becaufe in 
the fame place you may ftop that which comes 
one moment, and let pafs that which comes pre- 
fently after; and in the fame time you may 
ftop it in any one place, and let it pafs in any 
other. For that part of Light which is ftopp'd 
cannot be the fame with that which is let pafs. 
The leaft Light or part of Light, which may 
be ftopp'd alone without the reft of the Light, 
or propagated alone, or do or fuffer any thing 
alone, which the reft of the Light doth not or 
fufFcrs not, I call a Ray of Light. 

D E F I N. IL 

Refrangibility of the Rays of Light, is- their 
Difpoftion to be refraSled or turned out of their 
Way in pajpng out of one tranfparent Body or 
Medium tnto another. And a greater or lefs Re^ 
frangibility of Rays, is their Difpojition to be 
turned more or lefs out of their Way in like In^ 
cidences on the fame Medium. Mathematicians, 
ufually confidcr the Rays of Light to be Lines 
reaching from the luminous Body to the Body 
illuminated, and the refradlion of thofe Rays to 
be the bending or breaking of thofe lines in 

their 
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their paffing out of one Medium into another. 
Aid thus may Rays and Refraftions be confi- 
dcred, if Light be propagated in an inftant. 
But by an Argument taken from the iEqua- 
tions of the times of the Eclipfes of Jupiter's 
Satellites^ it feems that Light is propagated in 
time, fpending in its paffage from the Sun to us 
about feven Minutes of time: And therefore I 
have chofen to define Rays and Refradtions in 
fuch general terms as may agree to Light in both 
cafes. 

D E F I N. III. 

Refexibility of Rays, is their Difpoftion to be 
refleSled or turned back into the fame Medium jroni 
any other Medium upon whoje Surface they falL 
And Rays are more or lefs refextble^ "which are 
turned ^ack more or lefs eafily. As if Light pafs 
"out of a Glafs into Air, and by being inclined 
more and more to the common Surface of the 
Glafs and Air, begins at length to be totally re- 
fleaed by that Surface; thole forts of Rays 
which at like Incidences are refledled moft co- 
pioufly, or by inclining the Rays begin fooneft 
to be totally refledled, are moft reflexible. 

D E F I N. IV. 

' '^he Angle of Incidence is that Angle, ivhicb 
the Line defcribed by the incident Ray contains nvith 
the Perpendicular to the refe£iing or ref railing Sur-^ 
face at the Point of Incidence. 
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4 O P T I C K S. 

D E F I N. V. 

I'be Angle of Reflexion or RefraSlion^ is the 

Angle which the line defer ibed by the reJieSled or re^ 

fraSled Ray containeth with the Perpendicular to 

the refledling or refracting Surface at the Point of 

Incidence. 

D E F I N. VL 

T'he Sines of Incidence^ Reflexiony and Refra- 
Bion, are the Sines of the Angles of Incidence^ Re^ 
flexion^ and RefraSiion. 

D E F I N. VIL 

The Light whoje Rays are all alike Refran^ 
giblcy I call Simple^ Homogeneal and Similar-, 
and that whofe Rays are fome more Refrangible 
than other Sy I call Compound^ Heterogeneal and 
DiJJimilar. The former Light I call Homoge- 
neal, not becaufe I would affirm it fo in all re- 
ipe<as, but becaufe the Rays which agree in Re- 
frangibility, agree at leaft in all thofe their other 
Properties which I confider in the following 
Pifcourfe. 

D E F I N. VIIL 

I'he Colours of Homogeneal Lights^ I call Pri- 
mary, Homogeneal and Sijnple j and thofe of He- 
terogefieal LigbtSj Heterogeneal and Compouna. For 
thefe are alwiys compounded of the colours of 
Homogeneal Lights J as will appear in the fol- 
lowing Difcourfe. . 
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AXIOMS. 

A X. L 

npHE jingUi of Reflexion and ReJraSlion, he 
■ in one and the fame Plane with the Angle of In- 
cidence. 

AX. 11. 

T'be Angle of Reflexion is equal to the Angle of 
Incidence. 

. A X. III. 

If the refraSied Ray h returned direSlly hack to 
the Point oj Incidence^ itfl^all be refraSled into the 
Lane before defer ibed by the incident Ray. 

A X. IV. 

RefraSiion out of the rarer Medium into the 
denfer^ is made towards the Perpendicular j that 
isy fo that the Angle of RefraSiion be lefs than the 
Angle of Incidence. 

A X. V. 

7he Sine of Incidence is either accurately or 
very nearly in a given Ratio to the Sine of Re-- 
fraSton. 

Whence if that Proportion be knovrn in any 
one Inclination of the incident Ray, 'tis known 
in all the Inclinations, and thereby the Refra- 
dion in all cafes of Incidence 09 the fame refra- 
cting Body may be determined. Thus if the 

B 3 Rcfra- 
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Kefraflion be made out of Air into Water, the 
Sine of Incidence of the red Light is to the Sine 
of itsRefraftipn as 4to 3. If out of Air intoGlafs, 
the Sines are as 17 to 11. In Light of other 
Colours the Sines have other Proportions : but 
the difference is fo little that it need feldom be 
confidered. 

Suppofe therefore, that RS [ in Fig. i. ] repre- 
sents the Surface of ftagnating Wattr, and that C 
is the point of Incidence in which any Ray coming 
in the Air from A in the Line A C is refledled or 
refradled, and I would know whither this Ray 
ftiall go after Reflexion or Refradtion: I eredl 
upon the Surface of the Water from the point 
of Incidence the Perpendicular CP and produce 
it downwards to Q^, and conclude by the firft 
Axiom, that the Ray after Reflexion and Re- 
fradtion, fliall be found fomewhere in the Plane 
of the Angle of Incidence ACP produced. I let 
fall therefore upon the Perpendicular C P the 
Sine of Incidence A D -, and if the refledted 
Ray be defired, I produce AD to B fo that 
DB be equal to A D, and draw C B. For this 
Line C B fhall be the reflcdted Ray ; the Angle 
of Reflexion B C P and its Sine B D being e- 
qual to the Angle and Sine of Incidence, as they 
ought to be by the fecond Axiom, But if the 
refracted Ray be defired, I produce AD to H, 
fo that D H may be to A D as the Sine of Re- 
fradion to the Sine of Incidence, that is, (if the 
Light be red) as 3 to 4; and about the Center 
C and in the Plane ACP^with the Radius CA 
defcribing a Circle ABE, I draw a parallel to the 
Perpendicular CPQ^, the Lin^ HE cutting the 
^ Cvrcuta-r 
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Circumference in E, and joining C E, this Line 
CE ihall be the Line of the refrafted Ray. 
For if E F be let fall perpendicularly on the 
Line P Q, this Line E F fhall be the Sine of Re- 
fraftion oTthe Ray C E, the Angle of Refraftioii 
being EC Qj^ and this Sine E F is equal to D H, 
and confequently in Proportion to the Sine of 
Incidence AD as 3 to 4, 

In like manner, if there be a Prifm of Glafs 
(that is, a Glafs bounded with two Equal and 
Parallel Triangular ends, and three plain and 
well poliftied Sides, which meet in three Parallel 
Lines running from the three Angles of one 
end to the three Angles of the other end) and 
if the Refraction of the Light in pafline crofs this 
Prifm be defired: Let ACB [in Fig. 2.] rcprefent 
a Plane cutting this Prifm tranfverfly to its three 
Parallel lines or edges there where the Lighe 
paffeth through it, and let D E be the Ray in- 
cident upon the firft fide of the Prifm A C where 
th^Light goes into the Glafs j and by putting 
the Proportion of the Sine of Incidence to the 
Sine of Refradlion as 17 to 11 find E F the firft 
rcfradied Ray. Then taking this Ray for the 
Incident Ray upon the fecond fide of the Glafe 
B C where the Light goes out, find the next; 
rcfradled Ray FG by putting the Proportioi> 
of the Sine of Incidence to the Sine of Re- 
fraction as II to 17. For if the Sine of Inci- 
dence out of Air into Glafs be to the Sine of 
Rcfradtion as 17 to 11, the Sine of Incidence out 
of Glafs into Air muft en the contrary be to the 
Sine of Rc£ra<aioA as 11 to 17, by the third 
Axiom. 

3 ^ ^N)^^ 
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Much after the fame manner, if A C B D [in 
F/f.3.] reprefcnt a Glafs fpherically convex on 
both fides (ufually called 2,Lemy fuch as is a Burn- 
ing-glafs, or Speiftacle-glafs, or an Objeft-glafs of 
a Telefcopc) and it be required to know how 
Light falling upon it from any lucid point Q^ 
Ihall be refradted, let Q^M reprefent a Ray 
falling upon any point M of its firfl fpherical 
Surface A C B, and by eredling a Perpendicular 
to the Glafs at the point M, find the firfl re- 
fradted Ray M N by the Proportion of the 
Sines 17 to 11. Let thiat Ray in going out of 
the Glafs be incident upon N, and then find 
the fecond refrafted Ray Nq by i^e Propor- 
tion of the Sines 1 1 to 17. And after the fame 
manner may the Refradtion be found when the 
Lens is convex on one fide and plane or con- 
cave on the other, or concave on both fides. 

AX. VL 

Homogeneal Rays which fow from feveral Points 
of any ObjeSi^ and fall perpendicularly or almafi 
perpendicularly on any refeSling or refracting Plane 
or fpherical Surface^ Jhall afterwards diverge 
from fo many other Point Sy or be parallel to Ji 
many other Lines^ or converge to Jo many other 
Points J either accurately or without any fenfibh 
EfTor. And the fame thing will happen^ if the 
Rays be refeSted or refracted fuccejively by two 
or three or more Plane or Spherical Surfaces. 

The Point from which Rays diverge or to 
which they converge may be called their Focus^ 
And the r ocus of the incident Rays being gi-* 
ven, thmt of the refleftcd or refrafted ones may 

be 
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be found by finding the Refraction of any two 
Rays, as above; or more readily thus. 

Caf. I. Let ACB [in Fig. 4.] be a refle<fting or 
rcfrading Plane, and Q^he Focus of the incident 
Rays, and Q y C a Perpendicular to that Plane. 
And if this Perpendicular be produced to y, 
lb that qCh^ equal to Q^, the Point q fliall 
be the Focus of the refledted Rays : Or if q C 
be taken on the fame fide of the Plane with 
Q^, and in proportion to QjC as the Sine of 
Incidence to the Sine of Refradlion, the Point q 
Ihall be the Focus of the refra<3:ed Rays. 

Caf. 2. Let ACB [in Fig. c.] be the refleding 
Surfiice of any Sphere whoie Centre is E. Bi- 
fed any Radius thereof, ( fuppofe EC) in T, 
and if in that Radius on the fame fide the Point 
T you take the Points Qand j, fo that T Qb 
TE, andTy, be continual Proportionals, and 
the Point QJbe the Focus of the incident Rays> 
the Point q (hall be the Focus of the reflefted 
ones. 

Caf. 3. Let ACB [in Fig. 6.] be the refraSing 
Surface of any Sphere whofe Centre is E. In 
any Radius thereof E C produced both ways 
take E T and C t equal to one another and fe- 
wally in fuch Proportion to that Radius as 
die k^fer of the Sines of Incidence and Re- 
fradfon hath to' the difference of thofe Sines. 
And then if in the fame Line you find any two 
Points Q^nd q, fo that T C^be to E T as E / 
to t y, taking tq the contrary way from / which 
T QJiech from T, and if the Point Q^e the 
Focus of any incident Rays, the Point q fliall be 
the Focus ot the refrsded ones^ 
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And by the fame means the Focus of the Rays 
after two or more Reflexions or Refraftions may 
be found. 

Caf^. Let ACBD [in Fig. 7.] be any refradt- 
ing Lens, fpherically Convex or Concave or 
Plane on either fide, and let C D be its Axis 
( that is, the Line which cuts both its Surfaces 
perpendicularly, and pafles through the Centres 
of the Spheres,) and in this Axis produced let 
F and/be the Foci of the refracted Rays found as 
above, when the incident Ray's on both fides the 
Lens are parallel ta the fame Axis ; and upon the 
Diameter F f bifefted in P, defcribe a Circle. 
Suppofenow that any Point Q^e the Focus of 
any incident Rays. Draw Q^ cutting the faid- 
Circle in T and /, and therein take t q \n fuch 
proportion to / E as / E or T E hath to T C^ 
Let tq lie the contrary way from / which T Q 
doth from T, and q fhall be the Focus of the 
refraftcd Rays without any fenfible Error, pro- 
vided the Point Q^e not fo remote from the 
Axis, nor the Lens fo broad as to make any of 
the Rays fall too obliquely on the refrafting 
Surfaces. * 

And by the like Operations may the refledting 
or refrading Surfaces be found when the two 
Foci are given, and thereby a Lens be formed, 
which {hall make the Rays flow towards or 
from what Place you pleaie. -f* 

* In our Author's LeSfiones Optica ^ Part I. ScA. IV. Prop. 20, 
JO, there is an elegant Method of determining thefe Foci ; not only 
in fpherical Surfaces, biyt likewifc in any other curved Figure what* 
jevtr : And in Prop. 32, 33, the fame thing i£ done for any Ray ly-. 
ipg out of the Axis. 

t Uid. Prop. 34, 

So 
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So then the Meaning of this Axiom is, that 
if Rays fall upon any Plane or Spherical Surface 
or Lens, and before their Incidence flow from 
or towards any Point Q^ they {hall after Re- 
flexion or Refra6tioi> flow from or towards the 
Point q found by the foregoing Rules. And if 
the incident Rays flow from or towards feveral 
points Q^ the reflefted or refradted Rays fhali 
flow from or towards fo many other Points q 
found by the fame Rules. Whether the refle<ft- 
cd and refrafted Rays flow from or towards the 
Point q is eafily known by the fituation of that 
Pomt. For if that Point be on the fame fide 
of the reflecting or refrafting Surface or Lens 
with the Point Q^ and the incident Rays flow 
from the Point Q^ the refledied flow towards 
the Point q and the refradled from it ; and if the 
incident Kays flow towards Q, the refle(a:ed 
flow from y, and the refrafted towards it. And 
the contrary happens when q is on the other 
fide of the Surface. ' 

A X. VII. 

Wherever the Rays which come from all the 
Points of' any Obje^ meet again in fo many 
Points after they ha^e been made to converge by 
PifieBion or RefraSliony there they will make a Pt- 
Sure of the ObieSt upon any white Body on which 
tbeyfall. ^ "^ ^ 

So if PR [in Fig. 3.] reprefent any Objedt with- 
out Doors, and AB be a Lens placed at a hole 
in the Window-ftiut of a dark Chamber, where- 
b)r the Rays Uiat come from any Point Q^t 
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that Objedl arc made to converge and meet a- 
gain in the Point qi and if a Sheet of white Pa- 
per be held at q for the Light there to fall up- 
on it, the Pidlure of that Objedl P R will ap- 
pear upon the Paper in its proper fhape and Co- 
lours. For as the Light which comes from the 
Point Q^goes to the Point y, fo the Light which 
comes from other Points P and R of the Objeitj 
will go to fo many other correfpondent Points 
p and r ( as is manifeft by the fixth Axiom j ) fo 
that every Point of the Objeift fhall illumbate a 
correfpondent Point of the Pifture, and there- 
by make a Pidure like the Obje£t in Shape and 
Colour, this only excepted, that the Pidture (hall 
be inverted. And this is the Reafon of that vul- 
gar Experiment of cafting the Species of Obje<3:s 
from abroad upon a Wall or Sheet of white Pa- 
per in a dark Room. 

In like manner, when a Man views any Objed 
P Q^> ["^ ^^S' ^J ^^^ Light which comes from 
the fevcral Points of the Objeft is fo refrafted 
by the tranfparent fkins and humours of the 
Eye, (that is, by the outward coat EFG, called 
the Tunica Cornea^ and by the cryftalline hu- 
mour A B which is beyond the Pupil mk) as to 
converge and meet again in fo many Points in 
the bottom of the Eye, and there to paint the 
Pifture of the Objefl: upon that fkin (called the 
Tunica Retina) with which the bottom of the 
Eye is covered. For Anatomifts, when they have 
taken off from the bottom of the Eye that out- 
ward and moft thick Coat called the Dura Ma^ 
ter^ can then fee through the thinner CoatSj 
the Pictures of Objects lively painted there- 
on. 
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on. And thefe PiAorcs, propagated by Mo« 
tiQQ along the Fibres of the C^tick Nerves in-^ 
to the Brain, are the caufe of Vifion. For ac-. 
cordii^ly as theie PiAures are perfedt or im-* 

fed, the Objedt isfeen perfectly or imperfedt- 
If the E]^ be tinged with any colour (as in 
Difeafe of the "Jaundice) fo as to tinge the 
PiAures in the bottom of the Eye with that 
Colour, then all Objefts appear tinged with the 
iame Colour. If the Humours of the Eye by 
old Age decay, fo as by (hrinking to make the 
Cornea and Coat of the Cryjialline Humour grow 
flatter than before, the Light will not be re- 
irafted enough, and for want of a fufficient Re* > 
fraction will not converge to the bottom of the 
Eye but to foihe place beyond it, and by con- 
fcquence paint in the bottom of the Eye a con- 
fiifcd Pidhire, and according to the IndiftindtJ- 
ncfs of this PiiSture the Objeft will appear con* 
fuied. This is the reafon of the decay of fight 
in old Men, and fhews why their Sight is mend- 
ed by Spedacles. For thofe Convex glaffes fup- 
ply the defeft of plumpncfs in the Eye, and by 
increafing the Refraftion make the Rays con- 
verge fooncr, fo as to convene diftinftly at the 
bottojn of the Eye if the Glafs have a due de- 
gree of convexity. And the contrary happens 
in (hort-fighted Men whofe Eyes are too plump. 
For the Refradlion being now too great,, the 
Rays converge and convene in the Eyes before 
they come at the bottom; and therefore the 
Pifture made in the bottom and the Vifion 
caufed thereby will not be diftind, unlefs the 
01^ be broiighr fo near the Eye as xVi^t v!c« 
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place where the converging Rays convene may 
be removed to the bottom, or that the plump- 
nefs of the Eye be taken off and the Refradti - 
ons diminished by a Concave-glafs of a due de- 
gree of Concavity, or laftly that by Age the 
Eye grow flatter till it come to a due Figure: 
For Ihort-fighted Men fee remote Objeds beft 
in Old Age, and therefore they are accounted to 
have the moft lafting Eyes. 

A X. VIII. 

jin ObjeEl feen by Reflexion or 'RefraSTion^ ap^ 
pears in that place from ivhence the Rays after their 
lafl Reflexion or RefraSlion diverge in falling on the 
SpeSlator's Eye. 

If the Objeft A [in Fig.g^ be feen by Reflexioi> 
of a Looking-glafs m n^ it fhall appear, not in its 
proper place A, but behind the Glafs at ^, from 
whence any Rays AB, AC, AD, which flow from 
one and the fame Point of the Objeft, do after 
their Reflexion made in the Points B, C, D, di- 
verge in going from the Glafs to E, F, G^ 
where they are incident on the Spedlator's Eyes. 
For thefe Rays do make the fame Pifture in the 
bottom of the Eyes as if they had come from 
the Objc<a really placed at a without the Incer- 
jpofition of the Looking-glafs; and all Vifion is 
made according to the place and fhape of that 
Pidture. 

In like manner the Objeft D [in Fig. 2.] ktn 
through a Prifm, appears not in its proper place 
D, but is thoice tranflated to fome other place 
^iituated in the laft refracted Ray FG drawn 
backward from F to d. And 
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And fo theObjedt Q^[ in Fig. 10.] feen through 
the Lens A B, appears at the place a from whence* 
the Rays diverge in pafling from the Lens to the 
Eye. Now it is to be noted, that the Image of 
die Objedt at q is fo much bigger or lefler than 
die Objedt it felf at Q^, as the diftance of the 
Image at a from the Lens A B is bigger or lefs 
than the aiftance of the Objedt at Q^rom the 
lame Lens. And if the Object be feen through 
two or more fuch Convex or Concave-glaffes, 
every Glafs fhall make a new Image, and the 
Objed: (hall appear in the place of the big- 
ncfs of the laft Im^e, Which confidcration un- 
folds the Theory of Microfcopes and Tclefcopes. 
For that Theory confifts in ^Imoft nothing elfe 
than the defcribing fuch Glafles as fhall make the 
laft Image of any Objedl as diftinft and large and 
luminous as it can conveniently be made. 

I have now given in Axioms and their Ex- 
plications the fum of what hath hitherto been 
treated of in Opticks. For what hath been ge- 
nerally agreed on I content my felf to alTume 
under the notion of Principles, in order to what 
I have fanher to write. And this may fufficc 
for an Introdudtion to Readers of quick Wit 
and good Underftanding not yet verfed in Op- 
ticks : Although thofe who are already acquaint- 
ed with this Science, and have handled Glafles, 
will more readily apprehend what followeth. 
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PROPOSITIONS. 

P ROP.l T H E O R. I. 

TIGHTS which differ in Colour^ differ alfo in 
Degrees of Refrangibility. 

The Proof by Experiments. 

Exper. L I took a black oblong ftifF Paper 
terminated by Parallel Sides, and with a Per- 
pendicular right Line drawn crofs fromi one 
Side to the other, diftinguiihed it into two e- 
qual Parts. One of thefe parts I painted with 
a red colour and the other with a blue. The 
Paper was very black, and the Colours intenfe 
and thickly laid on, that the Phaenomenon 
might be more confpicuous. This Paper I 
viewed through a Prilm- of folid Glafs, whofe 
two Sides through which the Light pafled to the 
Eye were plane and well polifhed, and contained 
an Angle of about fixty degrees ; which Angle 
I call the refrading Angle of tl^ Prifm. And 
whilft I viewed it, I held it and the Prifm before 
a Window in fuch- manner that the Sides of the 
Paper were parallel to the Prifin, and both thofe 
Sides and the Prifm were parallel to the Horizon, 
^' and the crofs Line was alfo parallel to it : and 
that the Light which fell from the Window upon 
the Paper made an Angle with the Paper, equal 
to th^t Angle which was made with the fame 
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Paper by the Light refledted from it to the Eye. 
Beyond the Prifm was the Wall of the Chamber 
under the Window covered over with black 
Cloth, and the Cloth was involved in Darknefs 
that no Light might be refleded from thence, 
which in paifing by the Edges of the Paper to 
the Eye, might mingle irfelf with the Light of 
the Paper, and obfcure the Phenomenon there- 
of. Thefe things being thus ordered, I found 
that if the refrading Angle of the Prifm be 
turned upwards, fo that the Paper may feem to 
be lifted upwards by the Refradion, .its blue 
half will be lifted higher by the Refradion than 
its red half. But if the refrading Angle of the 
Prifm be turned downward, fo that the Paper 
may fcem to be carried lower by the Retra- 
ftion, its blue half will be carried fomething 
lower thereby than its red halF^ Wherefore in 
bodi Cafes the Light wHch comes from the 
blue half of the Paper through the Prifm to 
the Eye, docs, in like Circumftances fuifer a 
greater Refradion than the Light which comes 
from the red half, and by confequence is more 
refrangible. 

Illtdiration. In the eleventh Figure, M N 
rcprefents the Window, and D E the Paper 
terminated with parallel Sides D J and H E, 
and by the tranfverfe Line F G diftinguifhed 
into two halfs, thci one D G of an intcnfcly 
blue Colour, the other F E of an intenfely 
red. And ^hCcah ^eprefents the Prifm 
whofe refrafting Planes k'&b a and kQc a 
meet in the Edge of the refrading Angle A a. 
This Edge A a beinff upward, is para\\c\ bo>ii vo 

C * ^- \toa 
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the Horizon, and to the Parallel-Edges of the 
Paper D J and HE, and the tranfverfe Line FG 
is perpendicular to the Plane of the Window. 
And ae reprefents the Image of the Paper feen 
by Refradtion upwards in fuch manner, that the 
blue half DG is carried higher to dg than the 
red half FE is to jT^, and therefore fuffers a 
greater Refraftion. If the Edge of the refradting 
Angle be turned downward, the Image of the 
Paper will be refradted downward ; fuppofe to 
^ fc, and the blue half will be refradled lower to 

jr, than the red half is to 9 g. 

Expa\ 2. About the aforefaid Paper, whofe 
two halfs were painted over with red and blue, 
and which was ftifflike thin Pafteboard, I lapped 
feveral times a flender Thred of very black Silk, 
in fuch manner that the feveral parts of the 
Thred might apj)ear upon the Colours like fo 
many black Lines drawn over them, or like 
long and flender dark Shadows caft upon them. 

1 might have drawn black Lines with a Pen,, 
but the Threds were fmaller and better defined. 
This Paper thus coloured and lined I fet againft 
a Wall perpendicularly to the Horizon, fo that 
one of the Colours might ftand to the Right 
Hand, and the other to the Left. Clofe before 
the Paper, at the Confine of the Colours below, 
I placed a Candle to illuminate the Paper ftrong- 
\y : For the Experiment \*as tried in the Night. 
The Flame of the Candle reached up to the 
lower edge of the Paper, or a very little higher. 
Then at the diftance of fix Feet, and one or two 
Inches from the Paper upon the Floor I eredted 

a Glafs Lciis four Inches and a quarter broad^ 
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wMdb xn^hc cdUeft the Rays coming from the 
ievenl Points of the Paper, and make them con- 
verge toivards fo many other Points at the fame 
diflince of fix Feet, and one or two Inches on 
the other fide of the L/ens, and fo form the Jmage 
of riic colooned Paper upon a white Paper placed 
tbere, after the fame manner that a Lens ^t a 
Hole in a Window cafb the Images of Objedts 
abroad tipon a Sheet of white Paper in a dark 
Room. The afcxefaid white Paper, erefled per- 
pendicular to the Horizon, and to the Kays 
which fell upon it from the Lens, I moved 
ibmetimes cowards the Lens, fometimcs from 
It, ix> find che Places where the Jm^es of the 
blue and red Parts of the colour^ Paper appear- 
ed mofl: difi:indL Thofe Places I eafilyknew by 
the Images of the black Lines which I had made 
by wiiuung the Silk about the Paper. For /the 
images of thofc fine and fiender Lines (wlUch 
by teafon of their Blacknefswi^re like3hadQws 
on the Colours) were confufed and fcarce vifi- 
fale, unldEs when the Colours on eitlier fide of 
each Line were terminated mod: diftindtly, No«- 
ting therefore, as diligently las I could, th« 
^aces where the Images of the red and ^ue 
halfs xif the coloured Paper appeared mofl: di- 
£daGtj I found that where the red half o( the 
Paper wpeared diftind;, the blue half appeared 
-confuied, £o that the black Lines drawn upon 
it could icarce be fcen ; and on the contr aj:y^ 
where the blue half appeared moil diftind, th^ 
red half appeared confufed, fo that the black 
Lines upon it were fou'ce vifible. And between 
the two Fkces mhcrc thefe ImaEe^ ^w^"^^^ 

C 2 ^\KvcvL\ 
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diflinA there was the diftance of an Inch and a 
half; the diftance of the white Paper from the 
Lens, when the Image of the red half of the co- 
loured Paper appeared moft diftin£t, bemg greater 
by an Incn and an half than the diftance of the 
fame white Paper from the Lens, when the Image 
of the blue half appeared moft diftindt., In 
like Incidences therefore of the blue and .red 
upon the Lrcns, the blue was refradted more by 
the Lens than the red, fo as to converge fooncr by 
an Inch and a half, and therefore is more refran- 
gible. 

Illufiration. In the twelfth Figure, DE fig- 
nifies the coloured Paper, DG the blue half, 
FE th« red half, MN the Lens, HJ the white 
Paper in that Place where the red half with its 
black Lines appeared diftind, and 6i tbe fanie 
Paper in that Place where the blue half appeared 
diitind. The Place b i was nearer to the Lens 
MN than the Place HJ by an Inch and an 
half. 

Scholium. The fame Things fuccced, notwith- 
ftanding that fome of the Circumftances be va- 
ried ; as in the firft Experiment when the Prifm 
and Paper are any ways inclined to the Hori- 
zon, and in both when coloured Lines are 
dravm upon very black Paper. But in the De^ 
fcription of thefe Experiments, I have fct down 
fuch Circumftances, by which either the Phacr 
nomenon might be render'd more confpicuous, 
or a Novice might more eafily try them, or by 
which'I did try them only. The fame Thing,! 
have often done in the following Experiments : 
^f^ccrniDg all which^ this okc /Monition miiy 
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fuffice^ Now from thcfc Experiments it follows 
not, that all the LigHt of the blue is more refran- 
gible than all the Light of the red: For both 
L^hts are mixed of Rays differently refrangible, 
fo that in the red there are fome Rays not lefs re- 
frangible than thofe of the blue, and in the blue 
there are fbme Ray^ not more refrangible than 
thoie of the red : But thefe Rays, in proportion to 
die whole Light, are but few, and ferve to dimi- 
nifh the Event of the Experiment, but are not 
able to deftroy it. For, if the red and blue Co- 
lours were more dilute and weak, the diftance of 
the Images would be lefs than an Inch and a half; 
and if th^ were more intenfe and full, that di* 
ftance would be greater, as will appear hereafter. 
Thcfc Experiments may fuffice for the Colours of 
Natural Bodies. For in the Colours made by the 
Refiaition of Prifhis, this Propofitioo will ap- 
pear by the Experiments which are now to fol- 
low in the next Propofitiqn. 

PROP. II- Theor. II. 

Tie Li^ht of the Sun confifis of Ray^ 
differently Refrangible. 

The Proof by Experiments. 

Ex/er. 3- TN a very dark Chamber, at a round 
jj^ Hole,, about one third Part of an 
Inch broad, made in the Shut of a Window, I 
placed a Glafs Prifm, whereby the Beam of the 
Sun's Light, which cailic in at that Hole, might 
be rcftaded upwards toward the op^ofiteWall 

C 3 ^l 



aa O P T I C K S. 

of ihp Chamber, and there form a coloured I- 
mage of the Sun- The Axis of the Prifm ( that 
is, the Line paffing through the middle of the 
Prifm from one md of it to the other end pa- 
rallel to the edge of the Refra<aing Angle ) was 
in this and the following Experiments perpen* 
dicular to the incident Rays. About this Axis 
I turned the Prifm flowly, and faw the refradl- 
ed Light on the Wall, or coloured Image of 
the Sun, firil to defcend, and then to afcend. 
Between the Defcent and Afcent, when the I- 
xftage feemed Stationary, I ftopp'd the Prifm, 
and fix'd it in that Pofture, that it (hould be 
moved no more. For in that Pofture the Re- 
fractions of the Light at the two Sides of the 
rcfrafting Angle, that is, at the Entrance of the 
Rays into the Prifm, and at their going out of 
it, were equal to one another* So alfo in other 
Experiments, as often as I would have the Re- 
fradtions on both fides the Prifm to be equal to 
one another, I noted the Place where the Image 
of the Sun formed by the refrafiled Light ftood 
ftill between its two contrary Motions, in the 
^pmmon Period of its Progrefs and Regrefs ; and 
when the Image fell upon that Place, I made 
faft the Prifm. And in this Pofture, as the moft 
convenient, it is to be underftood that all the 
Prifms are placed in the following Experiments, 
unlefs where fome other Pofture is defcribed. 
The Prifm therefore being placed in this Po- 
fture, I let the refradted Light fall perpendicu- 
larly upon a Sheet of white Paper at the oppo- 
fite Wall of the Chamber, and obferved the Fi- 

• &/ #*r Author's Lc£biones Optics, Part I. Sc^> I. § «*• 
J'/OL 11. f 29. and Stit. HI. fT9f. %\. ^X^ 
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gurc and Dimcnfions of the Solar Image form- 
d on the Paper by that Light. This Image 
was Oblong and not Oval, but terminated with 
two Redtilinear and Parallel Sides, and two Se- 
micircular Ends. On its Sides it was bounded 
pretty diftin<3:ly, but on its Ends very confufed- 
ly and indiftindlly, the Light there decaying 
and vanifhing by degrees. The Breadth of this 
Image anfwered to the Sun^s Diameter, and was 
about two Inches and the eighth Part of an 
Inch, including the Penumbra. For the Imaee 
was eighteen Feet and an half diftant from the 
Prifni, and at this diftance that Breadth, if dl- 
minifhed by the Diameter of the Hole in the 
Wmdow-fliut, that is by a quarter of an Inch, 
fubtenHed an Angle at the Prifm of about half 
a D^rce, which is the Sun's apparent Diame- 
ter. But the Length of the Image was about ten 
Inches and a quarter, and the Length of the Re- 
dilinear Sides about eight Inches ; and the re- 
fradling Angle of the Prifm, whereby fo great a 
Length was made, was 64 degrees. With a lefs 
Angle the Length of the Image was lefs, the 
Brradtb remaining the fame. If the Prifm was 
turned about its Axis that way which made the 
Rays emerge more obliquely out of the fecond 
rcfradting Surface of the Prifm, the Image foon 
became an Inch or two longer, or more ; and 
if the Prifm was turned about the contrary 
way, fo as to make the Rays fall more obliquely 
on the firft refradling Surface, the. Image foon 
became an Inch or two fhorter. And there- 
fore in trying this Experiqpent, I was as curi- 
ous as I could be in placing the Priiin by the 

C 4 ^^N<i* 
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above-mention*d Rule exaftly in fuch a Pofturc, 
that the Refractions of the Rays at their Emer- 
gence out of the Prifm might be equal to that 
at their Incidence on it. This Prifm had fome 
Veins running along within the Glafs from one 
end to the other, which fcattered fome of the 
Sun's Light irregularly, but had no fenfible Ef- 
fect in increafing the Length of the coloured 
Spe<ftrum. For I tried the fame Experiment 
with other Prifms with the fame Succefs. And 
panicularly with a Prifm which feemed free 
iQrom fuch Veins, and whofe refradling Angle 
was 62 i Degrees, I found the Length of the 
Image 9^ or 10 Inches at the diftance of 18 J 
Feet from the Prifm, the Breadth of the Hole 
in the Window-flbut being J of an Inch, as be- 
fore. And becaufe it is eafy to commit a Mi- 
Hake in placing the Prifm in its due Poflure, I 
repeated the Experiment four or five Times, 
and always found the Length of the Image that 
which is fet down above. With another Prifm 
of clearer Glafs and better Polifh, which feem- 
ed free from Veins, and whofe refracting Angle 
was 63 1 Degrees, the Length of this Image at 
the fame diftance of 18 J Feet was alfo about 10 
Inches, or 10 i Beyond thcfe Meafures for a- 
bout a J or i of an Inch at either end of the 
Spedrum the Light of the Clouds feemed to be a 
little tinged with red and violet, but fo very 
faintly, that I fufpedled that Tindhire might ei- 
ther wholly, or in great Meafure arife from fome 
Rays of the Sped&um fcattered irregularly by 
fome Inequalities ip the Subftancc and Polifh of 
the Glafs, and therefore I did not include it in 
/ thefij^ 
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thcfc Meafures. Now the different Magnitude 
of the hole in the Window-fliut, and different 
Aicknefs of the Prifm where the Rays paffed 
through it, and different inclinations of the 
Prifm to the Horizon, made no fenfible chan- 
ges in the length of the Image. Neither did 
the different matter of the Prifms make any : 
for in a Vcffel made of polifhed Plates of Glafs 
cemented together in the fhape of a Prifm and 
filled with Water, there is the like Succefs of 
the Experiment according to the quantity of 
the Refra(9:ioh. It is farther to be obferved,* 
that the Rays went on in right Lines from the 
Prifin to the Image, and therefore at their very 
going- out of the Prifm had all that Inclina- 
tion to one another from which the length of 
the Image proceeded, that is, the Inclination of 
more than two degrees and an half. And yet 
according to the Laws of Opticks vulgarly re- 
ceived, tncy could not poflibly be fo much incli- 
ned to one another *. For letE G [inF/^. 13.] re- 
prcfent the Window-fhut, F the hole made there- 
in through which a beam of the Sun's Light 
was tranfmitted into the darl^ned Chamber, and 
ABC a Triangular Imaginary Plane whereby the 
Prifm is feigned to be cut tranfverlly through 
the middle of the Light. Or if you pleafe, let 
ABC reprefent the Prifm it felf, looking di- 
rcdly towards the Spectator's Eye with its nearer 
end: And let XY be the Sun, MN the Pa- 
per upon which the Solar Image or Speftrum is 
caft, and P T the Image it felf whofe fides to- 
wards V and w are Reftilinear and Parallel, and 
ends towards P ajid T Semicircular. \Yw\\? 

• See our AuthoT'i Le^itmes Optica^ Part I. Scft. \. S- S- 
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and X L J T are two Rays, the firft of which 
comes from the lower part of the Sun to the 
higher part of the Image, and is refra6led in the 
Prifm at K and H, and the latter comes from 
the higher pan of the Sun to the lower part of 
the Image, and is refradled at L and J. Since 
the Refraftions on both fides the Prifm are e- 
qual to one another, that is, the Refradlion at 
K equal to the Refradtion at J, and the Refra- 
ction at L equal to the Refraction at H, fo that 
the Refractions of the incident Rays at K and L 
taken together, are equal to the Refbuftions of 
the emergent Rays at H and J taken together : 
it follows by adding equal things to equal things, 
that the RefraCtions at K and H taken together, 
are equal to the RefraCtions at J and L taken 
together, and therefore the two Rays being e- 
qually refraCtcd, have the fame Inclination to 
one another after RefraCtion which they had 
before ; that is, the Inclination of half a Degree 
anfwering to the Sun's Diameter. For fo great 
was the Inclination of the Rays to one another 
before RefraCtion, So then, the length of the 
Image P T would by the Rules of Vulgar Op- 
ticks fubtend an Angle of half a Degree at the 
Prifm, and by Confequence be equal to the 
breadth v w j and thererore the Image would 
be round. Thus it would be were the two 
Rays XL JT and YKHP, and all the reft which 
form the Image F w T Vy alike refrangible. 
And therefore feeing by Experience it is found 
that the linage is not round, but about five times 
longer than broad, the Rays which going to the 
pppcr end P of the Image fuffcr the greatcft Rc- 
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fraftion, muft be more refrangible than thofc 
which go to the lower end T, unlefs the Inequa- 
lity of Refracftion be cafjal. 

This Image or Spcftrum P T was coloured, 
bring red at its leaft refradted end T, and vio- 
let at its moft refraded end P, and yellow 
green and blue in the intermediate Spaces. 
Which agrees with the firft Propofifion, that 
L^ts which differ in Colour, do alfo differ in 
Rrfrangibility. The length of the Image in the 
for^omg Experiments, I meafured from the 
hmtcR, and outmofl red at one end, to the 
famtcft and outmofl blue at the other end, ex- 
cepting only a little Penuipbra, whofe breadth 
fcarcc exceeded a quaner of an Inch, as was 
faid above. 

Exper. 4. In the Sun's Beam wliich was pro- 
pagated into the Room through the hole in the 
Window-ihut, at the diflance of fome Feet 
from the hole, I held the Prifm in fuch a Po- 
Ihire, that its Axis might be perpendicular to 
that Beam. Then I looked through the Prifm 
upon the hole, and turning the Prifm to and 
m> about its Axis, to make the Image of the 
Hole afcend and defcend, when between its 
two contrary Motions it feemed Stationary, I 
(topped the Prifhi, that the Refraftions of both 
fides of the refra<fling Angle might be equal to 
each other, as in the former Experiment. In 
this Situation of the Prifm viewing through it 
the faid Hole, I obferved the length of its re- 
framed Image to be many times greater than 
its breadth, and that the moft refradted part 
thereof appeared viokt, the lejdR: rcfradtd t^d^^ 
2 ^^ 
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the middle parts blue, green and yellcJw in or- 
der. The fame thing happened when I remo- 
ved the Prifm out of the Sun's Light, and look* 
ed through it upon the hole fhining by the 
Light of the Clouds beyond it. And yet if the 
Refradion were done regularly according to 
one certain Proportion of the Sines of Inci- 
dence and Refraiftion as is vulgarly fuppofed, 
the refradted Image ought to nave appeared 
round. 

So then, by thefe two Experiments it appears, 
that in equal Incidences tliK^re is a coniiderable 
inequality of Refraftions. But whence this in- 
equality arifes, whether it be that fome of the 
incident Rays are refradted more, and others, lels, 
conftantly, or by chance, or that one and the 
fame Ray is by Rcfiradtion difttirbed, fliattcr'd, 
dilated , and as it were fplit and fpread into ma- 
ny diverging Rays, as Grimaldo fuppofes, does 
not yet appear by thefe Experiments, but will. 
appear by thofe that follow. 

Exper. 5. Confidering therefore, that if in 
the third Experiment the Image of the Sun 
fhould be drawn out into an oblong Form, ci- 
ther by a Dilatation of every Ray, or by ^ny o- 
tlier cafual inequality of the Refradlions, the 
fame oblong Image would by a fecond Refra- 
dhon made fideways be drawn out as much in 
breadth by the like Dilatation of the Rays, or o* 
ther cafual inequality of the Refradlions fide- 
ways, I tried what would be the Effedfe of fuch 
a fecond Refradtion. For this end I ordered 
all things as in the third Experiment, and then 
placed a fecond Prifm immediately after the 

firft 
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fiift b a crofs Poiition to it^ that it might again 

itfiad the beam of the Sun's Light which came 

to it through the firft Prifm. In the firft Prifm 

diis' beam was refracted upwards, and in the 

iecond fideways. And I found that by the Re- 

fiadion of the fecond Prifm, the breadth of the 

Image was not increafed, but its fuperior part, 

which in the firft Prifm fuffered the greater Re- 

fiaftion, and appeared violet and blue, did again 

in the fecond Prifm fuffer a greater Refradion 

than its inferior part, which appeared red and 

yellow, and this without any Dilatation of tlie 

Imsigt in breadth. 

lUuftration. Let S [in Fig. 14.] reprefent 
die Sun, F the hole in the Window, ABC the 
firft Prifm, D H the fecond Prifm, Y the round 
Image of the Sun made by a diredt beam of 
Light when the Prifms are taken away, P T 
the oblong Image of the Sun made by that beam 
paffine through the firft Prifm alone, when the 
fecond Prifm is taken away, and p t the Image 
made by the crofs Refraftions of both Prifms 
together. Now if the Rays which tend to- 
wards the feveral Points of tlie round Image Y 
were dilated and fpread by the Refradtion of 
the firil Prifm, fo tlwt they fhould not any lon- 
ger go in fingle Lines to fingje Points, but that 
every Ray being fplit, fhattered, and changed 
from a Linear Ray to a Superficies of Rays di- 
verging from the Point 01 Refradion, and ly- 
ing in the Plane of the Angles of Incidence and 
Refraction, they (hould go in thofe Planes to 
fo many Lines reaching almoft from one end of 
the Image P T to the other^ and if that Imaec 

ftiould 
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fhould thence become oblong : thofe Rays aj 
their fe\'eral parts tending towards the fevei 
Points of the Image P T ought to be again c 
lated and fpread fideways by the tranfvei 
Refradion of the fecond Prifm, fo as to ooc 
pofe a four fquare Image, fuch as is rtprckxw 
at nfl. For the better underftanding of whic 
let the Image P T be diftinguiflied into five 
qual parts PQK, KQRL, LRSM, MS VI 
N VT. And by the fame irregularity that t 
orbicular Light Y is by the Refra^ion of tl 
iirft Prifm oilated and drawn out into a loi 
Image P T, the Light P QK which takes up 
fpace of the fame length anJ breadth with d 
Light Y ought to be by the Refradtibn of x\ 
fecond Priun dilated and drawn out into t] 
long Image, irqkpy and the Light K QJ3L L in 
the' long Image kqrl^ and the Lights L R S B 
M S V N, N V T, into fo many other long 
mages /rx;w, msvn^ nvtl-, and all thefe loi 
Images would compofe the four fquare Ima] 
•7r7- Thus it ought to be were every Ray dil 
ted by Refradtion, and fpread into a triangul 
Superficies of Rays diverging from the Poi 
of Refradtion. For the fecond Refra^ 
would fpread the Rays one way as much as d 
firfl dotn another,, and fo dilate the Image 
breadth as much as the firfl doth in lengt 
And the fame thing ought to happen , we 
fome Rays cafually refraded more than othei 
But the Event is otherwife. The Image P' 
was not made broader by the Refra&ion of tl 
fecond Prifm, but only became oblique, ttS'i 
jeprefented at / f , hs upper end P bemg 1 

tl 
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theRefra^on tranflated to a greater diftance than 
iofowcr end T. So then the Light which went 
towards the upper end P of the Image, was ( at 
cqoal Incidences ) more refraded in the fecond 
Prifm, than the Light which tended towards the 
lower end T, that is the blue and violet, than the 
red and yellow; and therefore was more refran- 
gi}>lc. The fame Light was by the Refracftion of 
tbc firft Prifm tranflated farther from the place 
Y to whidi it tended before Refradlion ; and 
d)erefbre fuffcred as well in the firft Prifm as in 
the fecond a greater Refradlion than the reft of 
the Light) and by confequence was more refran- 
gible than the rdft, even before its incidence on 
die firft Prifin. 

Sometimes I placed a third Prifm after the 
fecond, and fometimes alfo a fourth after the 
diird, by all which the Image might be often 
lefraAed fideways: but the Rays which were 
more refrafted than the reft in the firft Prifm 
were alfo more refrafted in all the reft, and that 
without any Dilatation of the Image fideways : 
and therefore thofe Rays for their conftancy of a 
greater Refraftion are defervedly reputed more 
refrangible. 

Bujt that the meaning of this Experiment may 
more clearly appear, it is to be confidered that 
the Rays which are equally refirangible do fall 
upon a Circle anfwering to the Sun's Difque. 
For this was proved in the third Experiment. 
By a Circle I underftand not here a perfedt geof 
metrical Circle, but any orbicular Figure whoft 
length is equal to its breadth, and which, Sk 
to Senfe^ may fccm circular, - Let therefore A<jr 

[in 
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[in Fig. 15.] reprefent the Circle which all the 
moft refrangible Rays propagated from the 
whole Difque of the Sun, would illuminate and 
paint upon the oppofite Wall if they were a^ 
lone; E L the Circle which all the leaft refran- 
gible Rays would in like manner illuminate and 
paint if they were alone; BH, C J, DK, the 
Circles which fo many intermediate forts of 
Rays would fucceffively paint upon the Wall, 
if they were fingly propagated from the Sun 
in fucceffive order, the reft being, always inter- 
cepted; and conceive that there are other in- 
termediate Circles without Number, which 
innumerable other intermediate forts of Rays 
would fucceffively paint upon the Wall if the 
Sun fhould fucceffively emit every fort apart. 
And feeing the Sun emits all thefe forts at once, 
they muft all together illuminate and paint in- 
numerable equal Circles, of all which, being 
according to their degrees of Refrangibility 

{)laccd in order in a continual Series, that ob- 
ong Speftrum P T is compofed which I defcri- 
bed in the third Experiment. Now if the 
Sun's circular Image Y [in Fig. 14, 15.] which 
is made by an unrefradted beam of Light was 
by any Dilation of the fmgle Rays, or by any 
other irregularity in the Refradtion of the firil 
Prifm, converted into the oblong Spedtrum, 
PT: then ought every Circle AG, BH, C J, 
dc. in that Spedlrum, by the crofs Refraction 
of the fecond Prifm again dilating or otherwiie ' 
Mattering the Rays as before, to be in like man- 
ner drawn out and transformed into an oblong 
Figure, and thereby the breadth of the Image 

PT 
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PT would be now as much augmented as the 
length of the Image Y was before by the Refra- 
dionof the firft Prifm; and thus by the Refla- 
tions of both Prifms together would be formed 
a four fquare Figure /tt/I, as I defcribed a- 
bove. Wherefore fince the breadth of the Spe- 
6lrum PT is not increafed by the Refradion 
fideways, it is certain that the Rays are not fplit 
or dilated, or otherways irregularly fcatter'd 
by that Refra<aion, but that every Circle is by 
a regular and uniform Refradion tranflated 
entire into another Place, as the Circle AG 
by the greateft Refraction into the place ag^ \ 
the Circle BH by a lefs Refradtion into the 
place b bj the Circle C J by a Refradlion ftill 
lefs into the place ciy and fo of the reft; by 
which means a new Speftrum / / inclined to 
the former P T is in like manner compofed of 
Circles lying in a right Line; and thefe Circles 
miift be of the fame bignefs with the former^ 
becaufe the breadths of all the Spedtrums Y, 
P T and ^ / at equal diftances from the Prifms 
are equal. 

I confidered farther, that by the breadth of 
the hole F through which the Light enters in- 
to . the dark Chamber , there is a Penumbra 
made in the Circuit of the Spedtrum Y, and 
diat Penumbra remains in the rectilinear Sides 
of the Speftrums P T and / /. I placed there- 
fore at that hole a Lens Or Objedt-glafs of a Te- 
Icfcopc which might caft the Image of the Sun 
diftinCtly on Y without any Penumbra at all, 
and found that the Penumbra of the rectilinear 
Sides of the oblong SpeCtrumS P T and pt v^^^ 
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alfo thereby taken away, (6 that thofe Sides ap- 
peared as diftindtly defined as did the Circum- 
ierence of the firft Image Y. Thus it happens 
if the Glafs of the Prifms be free from Veins, 
and their Sides be accurately plane and well 
polifhed without thofe numberlefs Waves or 
Curies which ufually arife from Sand-holes a 
little fmoothed in poliftiing with Putty. If the 
Glafs be only well polifhed and free from Veins, 
and the Sides not accurately plane, but a little 
Convex or Concave, as it frequently happens j 
yet may the three Speftrums Y, PT and^^ 
want Penumbras, but not in equal diftances 
from the Prifms. Now froin this want of Pe- 
numbras, I knew nlore certainly that every one 
of the Circles was refradted according to fome 
moft regular, uniform and conftant Law. For 
if there were any irregularity in the Refradtion, 
the right Lines A E and G L, which all the Cir- 
cles in the Spedtrum P T do touch, could not 
by that Refradtion be tranflated into the Lines 
a e and ^ / as diftindt and ftraight as they were 
before, but there would arife in thofe tranflated 
Lines fome Penumbra or Crookednefs or Un- 
dulation, or other fenfible Perturbation contrary 
to what is found by Experience. -"Whatfoever 
Penumbra or Perturbation fliould be made in the 
Circles by the crofs Refraftion of the fecond 
Prifm, all that Penumbra or Perturbation would 
be confpicuous in the right Lines ae and gl 
which touch thofe Circles. And therefore fince 
there is no fuch Penumbra or Perturbation in 
thofe right Lines, there muft be none in the Cir- 
cles. Since the diftance between thofe Tangents? 

3 Qt 
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or breadth of the Spedtnim is not incrcafed 
by the Rcfiraftions, the Diameters of the Circles 
arc not increafed thereby. Since thofe Tangents 
continue to be right Lines, every Circle which 
in the firft Prifm is more or lefs rcfradted, is 
cxaftly in the fame proponion more or lefs re- 
frz&ed in the fecond. And feeing all thefe 
things continue to fucceed after the fame man- 
ner when the Rays are again in a third Prifm, 
and again in a fourth refradled fideways, it i$ 
evident that the Rays of one and the fame Circle, 
as to their degree of Refrangibility, continue al- 
wavs uniform and homogeneal to one another, 
and that thofe of feveral Circles do dlflfer in de- 
gree of Refrangibility, and that in fome certain 
and conftant Proportion. Which is the thing I 
was to prove. 

There is yet another Circumftance or two of 
diis Experiment by which it becomes Hill more 
plain and convincing. Let the fecond Prifm 
DH [in Fig. i6.] be placed not immedi- 
ately after the firft, but at fome diftance 
from it; fuppofe in the mid-way between it 
and the Wall on which the oblong Speftrum 
FT is caft, fo that the Light from the firft 
Prifm may fall upon it in the form of an ob- 
long Speftrum t1 parallel to this fecond Prifm, 
and be ncfradted fidev^ys to form the oblone 
Spcdtrum pt upon the Wall. And you will ^ 
find as before, that this Speftrum / / is inclined ' 
to that Spcdtrum P T, which the firft Prifm 
forms alone without the fecond; the blue ends 
P and^ being farther diftant from one another ^ 
than the red oaes T and /, and by cot^&c^t^K^ 

D 2 ^«- 
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that the Rays which go to the blue end t of 
the Image cr 1, and which therefore fuifer the 
greateft Refradtion in the firft Prifm, are again 
in the fecond Prifm more refrafted than, the 
reft. 

The fame thing I try'd'alfo by letting the 
Sun's Light into a dark Room through two lit- 
tle round holes F and 9 [in Fig. 17.] made in 
the Window, and with two parallel Prifms 
ABC and <t^y placed at thofe holes ( one at 
each ) refracting thofe two beams of Light to 
the oppofite Wall of the Chamber, in fuch man- 
lier that the two coloured Images P T and M N 
which they there painted were joined end to end 
and lay in one ftraight Line, the red end T of 
the one touching the blue end M of the other. 
For if thefe two refradled Beams were again 
by a third Prifm D H placed crofs to the two 
firft, refrafted fideways, and the Spedrums 
thereby tranflated to fome other part of the 
Wall of the Chamber, fuppofe the Spedrum 
VT lopt and the Speftrum M N to ;// /;, thefe 
tranflated Spedlrums p t and m n would not lie 
in one ftraight Line with their ends contiguous 
as before, but be broken off from one another 
and become parallel, the blue end m of the I- 
piage mn being by a greater Refraction tran- 
flated farther from its former place M T, than 
the red end / of the other Image p t from the 
fame place MT; which puts the Propofition 
paft Difpute. And this happens whether the 
third Prifm D H be placed inunediately after 
the. two firft , or at a great diftiance from 
.theeiy fo that the Light refracted ia the two 

. .. ^ firft 
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firft Prifms be either white and circular, or co- 
loured and oblong when it falls on the third. 

Exper. 6. In the middle of two thin Boards 
I made round holes a third part of an Inch in 
diameter, and in the Window-fhut a much 
broader hole Being made to let into my dark- 
ned Chamber a large Beam of the Sun's Light; 
I placed a Prifm behind the Shut in that beam 
to refraft it towards the oppofite Wall, and 
clofe behind the Prifm I fixed one of the Boards, 
in fuch manner that the middle of the refradted 
Light might pafs through the hole made in it, 
and the reft be intercepted by the Board. Then 
at the diftance of about twelve Feet from the 
firft Boatd I fixed the other Board in fuch man- 
ner, that the middle of the refrafted Light which 
came through the hole in the firft Board, and 
fell upon the oppofite Wall, might pafs through 
the hole in this other Board, and the reft being 
intercepted by the Board might paint upon it 
the coloured Speftrum of the Sun. And clofe 
behind this Board I fixed another Prifm to re- 
frad the Light which came through the hole. 
Then I returned fpeedily to the firft Prifm, and 
by turning it flowly to and fro about its Axis, 
I caufed the Image which fell upon the fecond 
Board to move up and down upon that Board, 
that all its parts might fucceffively pafs thirough 
the hole in that Board and fall upon the Priun 
behind it. And in the mean time, I noted thp 
places on the oppofite Wall to which that Light 
after its Refraftion in the fecond Prifm did pafs j 
and by the difference of the places I found that 
the Light which being moft refradted in the 

D 3 firft 
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firil Prifm did go to the blue end of the Image, 
was again more refradtcd in the fecond Prilro 
than me Light which went to the red end of 
that Image, which proves as well the firft Pro^ 
pofition as the fecond. And this happened whe- 
ther the Axis of the two Prifms were parallel, or 
inclined to one another, and to the Horizon in 
any given Angles. 

lUuJiration. Let F [in jF/>. j8.] be the wide 
hole in the Window-fhut, through which the 
' Sun (hines upon the firft Prifm ABC, and let 
the refracted Light fall upon the middle of the 
Board P £, and the middle part of that Lieht 
upon the hole G made in the middle part of that 
Board. Let this trajedled part of that Light 
fall again upon the middle of the fecond Board 
de^ and there paint fuch an oblong coloured Ir 
mage of the Sun as was defcribed in the third 
Experiment. By turning the Prifm ABC flow- 
ly to and fro about its Axis, this Image will be 
made to move up and down the Board de^ 
and by this means all its parts from one end to 
the other may be made to pafs fucceflively 
through the hole g which is made in. the midr 
<lle of that Board. In the mean while another 
Prifm tf^r is to be fixed neyt after that hole g^ 
to refradt the trajedted Light a fecond time! 
And thefe things being thus ordered, I marked 
the places M and N of the oppofite Wall upon 
which the refra&ed Light fell, and found that 
whilft the two Boards and fecond Prifm re-, 
mained unmoved, thpfe places by turning the 
|irft Prifm aboui its Axis' were cnanged perpt- 
tually. For when the lower part of the Li^ht 
'* ' " - whichi 
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wluch fell upon the fecond Board de was caft 
through the hole g^ it went to a lower place M 
on the Wall, and when the higher part of that 
Light was cajft through the fame hole^, it went 
to a higher place N on the Wall, and when any 
intermediate part of the Light was caft through 
that hole, it went to fome plaqe on the Wall be- 
twj^n M and N. The unchanged Pofition of 
the holes in the Boards, made the Incidence 
of the Rays upon the fecond Prifm to be the 
fame in all cafes. And yet in that common In- 
cidence fome of the Rays were more refraftcd, 
and others lefs. And thofe were more refradled 
in this Prifm, which by a greater Refradion in 
the firfl Prifm were more turned out of the 
way, and therefore for their Conflancy of being 
more refrai^ted are defervedly called more refran- 
gible. 

Exper. 7. At two holes made near one ano- 
ther in my Window- fhut I placed two Prifms, 
one at each, which might cz&. upon the oppo- 
fite Wall (after the manner of the third Expe- 
riment) two oblong coloured Images of the 
Sun. And at a little difbmce from the Wall I 
placed a long flender Paper with flraight and pa- 
rallel edges, and ordered the Prifms and Pa- 
per fo, that the red Colour of one Image might 
tall diredly upon one half of the Paper, and 
the violet Colour of the other Image upon the 
other half of the fame Paper ; fo that the Pa- 
per appeared of two Colours, red and violet, 
much after the manner of the painted Paper 
m the firfl and fecond Experiments. Then 
with a black .Cloth I covered the Wall behind 

D 4 the 
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the Paper, that no Light might be reflected i 
it to difturb the Experiment, and viewing 
Paper through a thira Prifm held parallel t( 
I {aw that half of it which was illuminate 
the violet Light to be divided from the c 
half by a greater Refradtion, efpecially wh< 
went a good way off from the Paper, 
when I viewed it too near at hand, the two ] 
of the Paper did not appear fully divided i 
one another, but feemed contiguous at on 
their Angles like the painted Paper in the 
Experiment. Which alfo happened when 
Paper was too broad. 

Sometimes inftead of the Paper I ufed a \^ 
Thred, and this appeared through the P 
divided into two parallel Threds as is re 
fented in the nineteenth Figure, where '. 
denotes the Thred illuminated with violet L 
from D to E and with red Light from F t< 
and defg are the parts of the Thred feer 
Rcfradion. If one half of the Thred be < 
ftantly illuminated with red, and the other 
be illuminated with all the Colours fucceffi^ 
(which may be done by caufing one of 
Prifms to be turned about its Axis whilft 
other remains unmoved) this other half in vi 
ing the Thred through the Prifm, will ap 
in a continual right Line with the firft half v^ 
illuminated with red, and begin to be a 1 
divided from it when illuminated with Ora 
and remove farther from it when illumin 
witl^ yellow, and ftill farther when with gr 
and farther when with blue; and go yet far 
o£f wheq illuminated with Ijidigo^ and fart 
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when with deep violet. Which plainly fhews, 
that the Lights of feveral Colours are more and 
fnorc refrangible one than another, in this Order 
of dieir Colours, red, orange, yellow, green, 
blue, indigo, deep violet ; and fo proves as ^yell 
the firft Propofition as the fecond. 

I caufed ' alfo the coloured Spedtrums P T 
[inF/^. 17.] and MN made in a dark Cham- 
ber by the •Refradtions of two Prifms to lie in 
a Right Line end to end, as was defcribed above 
in die fifth Experiment, and viewing them 
through a third Prifm held parallel to their 
Lcngdi, they appeared no longer in a Right 
Line, but became broken from one another, as 
they are reprefented at ^ / and m n, the violet 
end m of the Spedbnm m n being by a greater 
Refraction tranflated fanher from its former 
Place MT than the red end / of the other 
Spedrum //. 

I farther caufed thofe two Speftrums P T 
[ in Fig. 20. ] and M N to become co-incident 
in an mvertcd Order of their Colours, the red 
end of each falling on the violet end of the o- 
ther, as they are reprefented in the oblong Fi- 
gure PTMN ; and then viewing them through 
a Prifm DH held parallel to their Length, they 
appeared not corincident, as when view'd with 
the naked Eye, but in the form of two diftinft 
8jpedlnjms p t and tn n croffing one another in 
the middle after the manner, of the Letter X, 
Which fhews that the red of the one Spedtrum 
and violet of the other, which were co-incident 
at PN and MT, being parted from one another 
^ a greater Rcfraftion of the violet to p and m 
*' ^' ' thaa 
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than of the red to n and /, do differ in degrees 
Refrangibility. 

I illuminated alfb a little Circular Piece 
white Paper all over with the Lights of b 
Prifms intermixed, and when it was illumi 
ted with the red of one Spedxum, and d 
violet of the other, fo as by the Mixture 
thofe Colours to appear all over purple, I vie 
ed the Paper, firlt at a lefs diftanoe, and tl 
at a greater, through a third Prifm^ and a 
went from the Paper, the refradcd Image the 
of became more and more divided by the u 
qual Refraction of the two mixed Colours, i 
at length parted into two diftind: Images, a 
one and a violet one, whereof the violet y 
fartheft from the Paper, and therefore fuffe 
the greatcft Refrailion. And when that Pri 
at the Window, which caft the violet on the ] 
per was taken away, the violet Image dif 
pcarcd ; but when the other Prifm was tal 
away the red vanifhed ; which fhews, that tk 
two Images were nothing elfc than the Lig 
of the two Prifins, which had been intermb 
on the purple Paper, but were parted again 
their unequal^ Refradions made in the xh 
Prifin, through which the Paper was viev 
This alfo was obfervable, that if one of 
Prifms at the Window, fuppofe that which c 
the violet on the Paper, was turned about 
Axis tOi make all the Colours in this order, \ 
let, indigo, blue, green, yellow, orange, r 
fall fuccefTively on the Paper from that Pril 
the violet Image changed Colour according 
turning fuqceiBvely to mdigO;^ blue^ gi'^n, 3 
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low and red, and in changing Colour came nearer 
and nearer to the red Image made by the other 
Friim, until when it was alf6 red both Images be- 
came fully co-incident. 

I placed alfo two Paper Circles very near one 
another, the one in the red Light of one Prifm, 
and the other in the violet Light of the other. 
The Circles were each of them an Inch in diame* 
ter, and behind them the Wall was dark, that the 
Experiment mieht not be difturbed by any Light 
coming from tnence. Thefe Circles thus illu* 
minated, I viewed through a Prifm fo held, that 
the Refraction might be made towards the red 
Circle, and as I went from them they came nearer 
and nearer together, and at length became co* 
incident ; and afterwards when I went {till far- 
ther offp they parted again in a contrary Order^ 
d}c violet by a greater Refra&ion being carried 
b^ond the red. 

Exper. 8. In Summer, when the Sun's Light 
uies to be ifarongeft, I placed a Prifbi at the 
Hole of the Window-fhut, as in the third Expe- 
riment^ yet fo that its Axis might be parallel to 
the Axis of the World, and at the oppoiite 
Wall in the Sun's refrad;ed Light, I placed an 
open Book. Then going fix Feet and two Inches 
from the Book, I placed there the above* 
inentioned Lens, by which the Light reflected 
from the Book might be made to converge and 
meet again at the diflance of fix Feet and two 
Inches behind the Lens, and there paint the 
Species of the Book upon a Sheet of white Pa- 
per much' after the manner of the fecond Ex- 
^rixpe^t. The Book and Lens being made faft, 

I no- 
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I noted the Place where the Paper was, wh< 
the Letters of 'the Book, illuminated by tl 
fulleft red Light of the Solar Image falling upc 
it, did caft their Species on that Paper ipo 
diftindly : And then I ftay'd till by the Motic 
of the Sun, and confequent Motion of his Imaj 
on the Book, all the Colours from that red t 
the middle of the blue pafs'd over thofe Le 
tcrs J and when thofe Letters were illuminate 
by that blue, I noted again the Place of the Pj 
per when they caft their Species moft diftindt; 
upon it : And I found that this laft Place of tl 
Paper was nearer to the Lens than its form< 
Place by about two Inches and an half, or t^ 
and three quarters. So much fooner therefoi 
did the Light in the violet end of the Imaj 
by a greater Refraction converge and mec 
than the Light in the red end. But in tryir 
this, the Chamber was as dark as I could mal 
it. For, if thefe Colours be diluted and weal 
ned by the Mixture of any adventitious Ligh 
the diftance between the Places of the Pap< 
will not be fo great. This diftance in the fi 
cond Experiment, where the Colours of natun 
Bodies were made ufe of, was but an Inch an 
an half, by reafon of the Impcrfeftion of thol 
Colours. Here in the Colours of the Prifn 
which are manifeftly more full, intenfe, an 
lively than thofe of natural Bodies, the diftanc 
is two Inches and three quarters. And were th 
Colours ftill more full, I queftion not but thj 
the diftance would be confiderably greater. Fc 
rhe coloured Light of the Prifm, by the intei 
fcring^'of the Circles dcfcribcd in the fccon 

Figui 
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Figure of the fifth Experiment, and alfo by the 
Light of the very bright Clouds next the Sun's 
Body intermixing with thefe Colours, and by 
the Light fcattered by the Inequalities in the. 
Polifh of the Prifm, was fo very much com- 
pounded, that the Species which thofe faint and 
(krk Colours, the indigo and violet, caft upon 
the Paper were not diftinft enough to be well ob- 
ferved. 

Exper. g. A Prifm, whofe ty/o Angles at its 
Bafe were equal to one another, and half right 
ones, arid the third a right one, I placed in a 
Beam of the Sun's Light let into a dark Cham- 
ber through a Hole in the Window-(hut, as in 
the third Experiment. And turning the Prifm 
flowly about its A^^s, until all the Light which 
went through one of its Angles, and was refract- 
ed by it began to be rcflefted by its Bafe, at 
which till then it went out of the Glafs, I ob- 
fcrved that thofe Rays which had fuifered the 
grcateft Refradlion were fooner rcfleded than 
the reft. I conceived therefore, that thofe Rays 
of the refleded Light, which were moft re- 
frangible, did firft of all by a total Reflexion 
become more copious in that Light than the 
reft, and that afterwards the reft alfo, by a total 
Reflexion, became as copious as thefe. To tiy 
this, I made the refledted Light pafs through 
another Prifm, and being refrafted by it to fall 
afterwards upon a Sheet of white Paper placed 
at fome diftance behind it, and there by that 
Refradtion to paint the ufual Colours of the 
Prifm. And then caufing tlie firft. Prifm to be 
turned about its Axis as above, I obferved that 

when 
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when thofe Rays, which in this Prifm had fuf- 
fcred the greateft Refraftion, and appeared of a 
blue and violet Colour began to be totally re- 
fledled, the blue and violet Light on the Paper, 
which was moft rcfrafted in the fecond Prifm, 
received a fenfible Increafe above that of the 
red and yellow, which was leaft refraded ; and 
afterwards, when the reft of the Light which 
was green, yellow, and red, began to be totally 
reflefted in the firft Prifin, the Light of thoie 
Colours on the Paper received as great an In- 
creafe as the violet and blue had done before. 
Whence 'tis manifeft, that the Beam of Light 
rtfledted by the Bafe of the Prifm, being aug- 
ihented firft by the more refrangible Rays, and 
afterwards by the lefs refrangible ones, is com- 
pounded of Ravs difierently refrangible. And 
that all fuch reflefted Light is of the fame Na- 
ture with the Sun's Light before its Incidence 
on the Bafe of the Prilm, no Man ever doubt- 
ed ; it being generally allowed, that Light by 
fuch Reflexions fuffers no Alteration in its Modi- 
fications and Properties. I do not here take No- 
tice of any Refractions made in the fides of the 
firft Prifm, becaufe the Light enters it perpendi- 
cularly at the firft fide, and goes out perpendicu- 
larly at the fecond fide, and therefore fuffers 
none. So then, the Sun's incident Light being of 
the fame Temper and Conftitution with his emer- 

fent Light, and the laft being compounded of 
Lays diSerendy refrangible, mi firft muft be in 
like manner compounded. 

Illufiratwi. Inthetwcnty-firftFigurc, ABC 
is the firft Prifin, B C its Bafe, B and C iti 
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equal Angles at the Bafe^ each of 45 Degrees^ 
A its redtengular Vertex, F M. a beam of the 
Sun's Light let into a dark Room through a 
hole F one third part of an Inch broad, M its 
Incidence on theBafe of the Prifm, MG a lefs 
refrafted Ray, M H a more refradted Ray, M N 
the beam of Light reflected from the Bafe, 
V X Y the fecond Prifm by which this beam in 
pafling through it is refraded, N / the lefs re- 
framed Light of this beam, and N/ the more 
refraded part thereof. When the firft Prifm 
ABC is turned about its Axis according to the 
order of the Letters ABC, the Rays M H e- 
merge more and more obliquely out of that 
Prifin, and at length after their mod oblique 
Emergence are reflefied towards N, and going 
on to / do increafe the Number of the Rays 
N^. Afterwards by continuing the Motion of 
the firft Prifm, the Jlays M G are alfo refleded 
to N and increafe the number of the Rays N /. 
And therefore the Light MN admits into its 
Compofition, firft the more refrangible Rays^ 
and tncn the lefs refrangible Rays, and yet af- 
ter this Compofition is of the fame Nature with 
the Sun*s immediate Light F M, the Reflexion 
of the fpecular Bafe B C caufing no Alteration 
therein. 

Exper. 10. Two Prifms, which were alike 
In Shape, I tied fo together, that their Axis and 
oppofite Sides being parallel, they compofed a 
Parallelopipcd And, the Sun (hining into my 
dark Chamber through a little hole in the Win- 
dow-Qiut, I placed that Parallelopiped in his 
beam at forde difbnce from the hole, in fuch a 

Poflure^ 
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Pofturc, that the Axes of the Prifms might be 
perpendicular to the incident Rays , and thai 
thofe Rays being incident upon the firft Side 
of one Prifm, might go oh through the two 
contiguous Sides of both Prifms, and emerge 
out of the laft Side of the fecond Prflm. This 
Side being parallel to the firft Side of the firft 
Prifm, caufed the emerging Light to be paral- 
lel to the incident. Then, beyond thefe two 
Prifms I placed a third, which might refrad 
that emergent Light, and by that Refradiion 
cift the ufual Colours of the Prifm upon the 
oppofite Wall, or upon a ftieet of white Paper 
held at a convenient Diftance behind the Prifm 
for that refrafted Light to fall upon it.. After 
this I turned the Parallelopiped about its Axis, 
and found that when the contiguous Sides oi 
the two Prifms became fo oblique to the inci- 
dent Rays, that thofe Rays began all of them to 
be reflected , thofe Rays ^hich in the third 
Prifm had fufFered the greateft Refradion, and 
painted the Paper with violet and blue, were 
firft of all by a total Reflexion taken out of the 
tranfmitted Light, the reft remaining and or 
the Paper painting their Colours of green, yel- 
low, orange and red, as before; and afterwards 
by continuing the Motion of the two Prifms 
the reft of the Rays alfo -by a total Reflexior 
vaniftied in order, according to their dcgreei 
of Refrangibilitv. The Light therefore whiql 
emerged out ot the two Prifms- is compound- 
ed of Rays differently refrangible, feeing thi 
more refrangible Kay^ may he taken out of it 
while the lefs refrangible remain* But thi* 

Lign 
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Light being trajeded only through the parallel 
Superficies of the two Prifms, if it' fuffer'd any 
change by the Refradlion of one Superficies it 
loft that ImprefTion by the contrary Refraction 
of the other Superficies, and fo being reflor'd to 
its priftine Conftitutign, became of the fame Na- 
ture and Condition as at firfl before its Incidence 
on thofe Prifms j and therefore, before its Inci-i 
deoce» was as much compounded of Rays difFe-* 
rently refrangible, as afterwards. 

Jlluftratim. In the twenty fecond Figure 
ABC and BCD arc the two Prifms tied together 
in the form of a Parallelopiped , their Sides 
B C and C B being contiguous, and their Sides 
A B and C D parallel. And H J K is the third 
Prifm, by which the Sun's Light propagated 
through the hole F into the dark Chamber, and 
there pafling through thofe fides of the Prifms 
AB, BC, CB and CD, is refrafted at O to 
the white Paper P T, falling tliere partly upon 
P by a greater Refraftion, partly upon. T by a 
lefs Refradion, and partly upon R and other in- 
termediate places by intermediate Refraftions^ 
By mrning the Parallelopiped A C B D about its 
Axis, according to the order of the Letters A, 
C, D, B, at length when the contiguous Planes 
Be and- C B become fufficiently oblique to the 
Rays F M, which are incident upon them at Ml" 
there will vanifh totally out of the refraded 
Light OPT, firft of all the moil refrafted Rayj^ 
OP, (the reft OR and OT remaining as be- 
fore ) then the Rays O R and other intermedi- 
ate ones, and laftly, the leaft refrafted Rays OT. 
For when the Plane BC becomes fufficiently 

E oblic^i^ 
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oblique to the Rays incident upon it, thoie 
Rays will begin to be totally refledted by it to- 
wards N; and firft the moft refrangible Rays 
will be totally refledted (as was explained in. 
the preceding Experiment ) and by Confequence 
muft firft difappear at P / and afterwards the 
reft as they are in order totally refledted to N, 
they, niuft difappear in the fame order at R 
and T. So then the Rays which at O fuf- 
fer the greateft Refradtion, may be taken out 
of the Light M O whilft the reft of the Rays 
remain in.it, and therefore that Light MO 
IS compounded of Rays diflfercntly refrangi- 
ble. And becaufe the Planes AB and CD 
fare parallel, and therefore by equal and con- 
trary Refradlions deftroy one anothers Ef-> 
fedts, the incident Light F M muft be of the 
fame Kind and Nature with the emergent Light 
M O, and therefore doth alfo confift of R^ys 
diflFerently refrangible. Thefe two Lights F M 
and M D, before the moft refrangible Rays are 
feparated out of the emergent Light M O, a- 
gree in Colour, and in all other Properties 1q 
far as my Obfervation reaches, and therefore 
are defervedly reputed of the fame Nature and 
Conftitution, and by Confequence the one is 
compounded as well as the other. But after 
,the moft refrangible Rays begin to be totally 
refledted, and thereby feparated out of the c- 
mergent Light *M O, that Light changes its Co- 
lour from white to a dilute and faint yellow^ 
a pretty good orange, a very full red fuccef- 
fively, and then totally vanifhes- For jtfter the 
moft refrangible Rays which paint the Paper at 
2 Pwitl) 
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P with a purple Colour, are by a total Refle- 
xion taken out of the beam of Light M O, the 
reft of the Colours which appear on the Pap^r 
at R and T being mix'd in the Light MO 
compound there a faint yellow, and after the 
blue and part of the green which appear on the 
Paper between P and R are taken away, the reft 
which appear between R and T ( that is the yel- 
bw, orange, red and a little green) being mix- 
ed in the beam M O compound there an orange; 
and when all the Rays are by Reflexion taken 
out of the beam M O, except the leafl: refran- 
gible, which at T appear of a full red, their 
Colour is the fame in tnat behm M O as after- 
wards at T, the Refraftion of the Prifm H J K 
fcrving only to feparate the differently refrangible 
Rays, without making any Alteration in their. 
Colours, as fhall be more fully proved hereafter. 
All which confirms as well the firft Propofition 
as the fecond, 

Scholium. If this Experiment and the former 
be conjoined and made one by applying a fourth 
Prifm VX Y [in Fig. 22.] to refraft the rcfledted, 
beam M N towards tp^ the Conclufion will be 
clearer. For then the Light N/> -which in the 
fourth Prifm is more refracted, will become ful- 
ler and ftronger when the Light O P, which in 
the third Prifm H J K is more rcfrafted, va- 
niflies at P; and afterwards when the lefs re- 
fradled Light QT vanifhes at T, the lefs re- 
frained Light N / will become increafed whilft 
the more refradled Light at p receives no far- 
ther increafe. And as the trajedted beam M O 
m vanifhing is always of fuch a Colour as ought 

E 2 to 
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to.refult from tbe"mixture of the Colours which 
fall upon the Paper P T , fo is the reflected 
beam M N always of fuch a Colour as o;ight to 
refult from the mixture of the Colours which 
fall upon the Paper pt. For when the moft 
refrangible Rays are by a total Reflexion taken 
out of the beam M O, and leave that beam of 
an orange Colour, the Excefs of thofc Rays ia 
the refleded Light, does not only make the vio- 
let, indigo and .blue at p more full, but alfo 
makes the beam M N change from the yellowifti 
Colour of the Sun*s Light, to a pale white in- 
clining to blue, and afterward recover its yel- 
lowifti Colour again, fo foon as all the reft of the 
tranfmitted Light MOT is refledted. 

Now feeing 'that in all this variety of Expe- 
riments, whether the Trial be made in Light 
reflefted, and that either from natural Bodies, 
as in the firft and fecond Experiment, or fpe- 
cular, as in the ninth j or in Light refradled, 
and that either before the unequally refrafted 
Rays are by diverging feparated from one an- 
other, and lofing their whitenefs which they 
have altogether, appear feverally of feveral Co- 
lours, as in the fifth Experiment; or after they 
arc feparated from one another, and appear co- 
loured as in the fixth, feventh, and eighth Ex- 
periments; or in Light trajefted through paral- 
lel Superficies, deftroying each' others EfFe<Sts, 
as in the tenth Experiment; there are always 
found Rays, which at equal Incidences on tne 
fame Medium fuflfer unequal Refractions^ and 
that without any fplitting or dilating of fingle 
Rays, or contingence in the inequality of the 
3 Rcfra- 
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RefraAiom, as is proved in the fifth and fixth 
Experiments. And feeing the Rays which dif- 
fer in Refrangibility may be parted and forted 
from one another, and that either by Refraftion 
as in the third Experiment, or by Reflexion as in 
the tenth, and then the feveral forts apart at 
qual Incidences fufFer unequal Refraftions, and 
thofc forts are more refraded than others after 
Separation, which were more refrfidtcd before 
it, as in the fixth and following Experiments, 
and if the Sun's Light be trajedcd through three 
or more crofs Prifms fucceffively, thofe Rays 
which in the firft Prifm. are refraded more than 
others, arc in all the following Prifms refradted 
more than others in the fame Rate and Propor- 
tion, as appears by the fifth Experiment; it's 
maniicft that the Sun's Light is an heterogeneous 
Mixture of Rays, fome of which are conftantly 
wore refrangible than others, as was propofed. 



PROP. III. Theor. hi. 

T^e Suns Light conjijls of Rays diffmng 
in Refleotibilityj and tiofe Rays are more 
rejUxible than Qthers which are more 
refrangible. 

'T^HIS is manifeft by the tiinth and tenth 
^ Experiments: For in the ninth Experi- 
ment, ^ turning the Prifm about its Axis, un- 
til the Rays within it which in going out into 
the Air were refrafted by its Ba.le, became fo 
oblique to that Bafe, as to begin to be totally 

E 3 it^^a^^ 



54 O P T I C K S. 

reflefted thereby; thofc Rays became firft of all 
totally refledled, which before at equal Inciden- 
ces with the reft had fuffered the greateft Refra- 
aion. And the fame thing happens in the Refle- 
xion made by the common Bafe of the two 
Prifms in the tenth Experiment. 



PROP. IV. Prob. L 

To feparate from one another the heteroger 
neous Rays of compound Light. 

TH E heterogeneous Rays are in fome mea- 
fure feparated from one another by the 
Refradtion of the Prifm in the third Experi- 
ment, and In the fifth Experiment, by taking a- 
way the Penumbra from the reftilinear fides of 
the coloured Image, that Separation in thofe ve- 
ry rcdtilincar fides or ftraight edges of the I- 
mage becomes perfeft. But in all places be- 
tween thofe redtilinear edges, thofe innumera- 
ble Circles there defcribed, which are feveral- 
ly illuminated by homogeneal Rays, by interfe- 
ring with one another, and being every when 
commix'd, do render the Light fufficientl) 
compound. But if thefe Circles, whilft theii 
Centers keep their Diftances and Pofitions, coulc 
be made lefs in Diameter, their interfering oni 
with another, and by Confequence the Mixtur 
of the heterogeneous Rays would be propot 
.tionally diminifli'd. In the twenty third Figur 
letAG, BH, CJ, DK, EL, FMbetheCir 
clcs which fa many forts of Rays flowing itot 

th 
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the fame difque^of the Sun, do in the third Ex- 
periment illuminate; of all which and innu- 
merable other intermediate ones lying in a con- 
tinual Series between the two reftilinear and pa- 
rallel edges of the Sun's oblong Image PT, 
that Image is composed, as was explained in 
the fifth Experiment. And let agy bhy ci^ dk^ 
^Ufm be fo many lefs Circles lying in a like 
continual Series between two parallel right Lines 
tf/and g m with the fame diftances between their 
Centers, and illuminated by the llime forts of 
Rays, that is the Circle a g with the fime fort 
by which the correfponding Circle A G was il- 
luminated, and the Circle b h with the fame fort 
by which the correfponding Circle B H was illu- 
minated, and the reft of the Circles c /, dk^ el^ 
fm rc/pedtively, with the fame forts of Rrtys by 
which the feveral correfponding Circles C J, 
D K, EL, F M were illuminated. In the Fi- 
gure P T compofed of the greater Circles, three 
of thofe Circles AG, BH, CJ, are fo ex- 
panded into one another, that the three forts of 
Rays by which thofe Circles are illuminated , 
together with other innumerable forts of inter- 
mediate Rays, are mixed at QJl in the middle of 
the Circle BH. And the like Mixture happens 
throughout almoft the whole length of the Fi- 
gure P T. But in the Figure p t compofed of 
the lefs Circles, the three lefs Circles ag^ b h^ c /, 
which anfwer to thofe three greater, do not ex- 
tend into one another ; nor a?e there any v/hcre 
mingled fo much as any two of the three forts of 
Rays by which thofe Circles are illuminated, and 

E 4 whicli 
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which in the Figvire P T arc all of them inters 
mingled at B H. 

Now he that fhall thus confidcr it, will eafiljr 
underfland that the Mixture is diminifhed in 
the fame Proportion with the Diameters of the 
Circles. If the Diameters of the Circles whilft 
their Centers remain the fame, be made three 
times lefs than before, the Mixture will be alfq 
three times lefsj if ten times lefs, the Mixture 
will be ten times lefs, and fo of other Propor* 
tions. That is, the Mixture of the Rays in the 
greater Figure P T will be to their Mixture in 
the \c(s ptj as the Latitude of the greater Fi- 
gure is to the Latitude of the lefs. For the La- 
titudes of thefe Figures are equal to the Dia- 
meters of their Circles. And hence it eafily fol- 
lows, that the Mixtu^re of the Rays in the re- 
frafted Spedlrum pt is to the Mixture of the 
Rays in the dired and immediate Light of the 
Sun, as the breadth of that Speftrum is to the 
difference between the length and breadth of the 
{ame Speftrum. 

So then, if we would diminifli the Mixture 
of the Ray&, we are to diminifli the Diameters 
of the Circles. Now thefe would be diminifli- 
ed if the Sun's Diameter to which they anfwec 
could be made lefs than it is, or (which comes 
to the fame Purpofe) if without Doors, at a 
great diftance from the Prifm towards the Sun, 
fome opake Body were placed, with a roun4 
hole in the middle of it , to intercept all the 
Sun's Light, excepting fo much as coming 
from the middle of his Body could pafs through 

tlut 
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that Hole to the Priiin. Fqr fo the Circles A G, 
BH, and the reft, would not any longer anfwer 
to the whole Difque of the Sun, out only to that 
Put of it which could be feen from the Prifm 
dirough that Hole, that it is to the apparent Mag- 
nitude of that Hole view'd from the Prifm. But 
that tbeie Grcles may anfwer more diftindly to 
that Hole, a Lens is to be placed by the Prifm to 
caft the Image of the Hole, (that is, every one 
of die Circles' AG, BH, &c.) diftindkly upon 
thepsip^ at PT, after fuch a manner, as by a 
Lens placed at a Window, the Species of Ob- 
jeds abroad are caft diftindly upon a Paper 
within the Room, and the rectilinear Sides of 
the oblong Solar Image in the fifth Experiment 
became dblindt without any Penumbra. If this 
be done, it will not be neceiTary to place that 
Hole very far off, no not beyond the Win- 
dow. Aad therefore inftead of that Hole, I 
ufcd the Hole in the Window-ftiut, as fol- 
lows. 

fix/fr. II. In the Sun's Light let into my 
darkai*d Chamber through a fmall round Hole 
in my Window-fhut, at about ten or twelve 
Feet from the Window, I placed a Lens, by 
which the Image of the Hole might be diftindly 
caft upon a Sheet of white Paper, placed at 
chc diftancc of fix, eight, ten, or twelve Feet 
from the Lens* For, according to the difte- 
Tcncc of the Lenfes I ufed various diftances, 
which I think not worth the while to defcribe. 
Then immediately after the Lens I placed a 
Prifin, by which the trajeded Light might be 
rcfradc4 either upwards or fide-ways^ atvd^V^w^ 

V) 
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by th^ round linage^ which the Lens alone did 
caft upon the Paper might be drawn out into a 
long one with Parallel Sides, as in the third Ex- 
periment. This oblong Image I let fall upon 
another Paper at about the j&me diftance from 
the Prifm as before, moving the Paper either 
towards the Prifm or from it, until I found the 
juft diftance where the Redtilinear Sides of the 
Image became moft diftindL For in this Cafe, 
the Circular Images of the Hole, which compofe 
that Image after the fame manner, that the Cir- 
cles ag^ bh^ ci^ &c. do the Figure pt [in -F/f.23.] 
were terminated moft diftinftly without any 
Penumbra, and therefore extended into one ano- 
ther the leaft that they could, and by confcqucnce 
the Mixture of the heterogeneous Rays was now 
the leaft of all. By this means I ufed to form 
an oblong Image (fuch as is /^) [in Fig. 23 j 
and 24.] of Circular Iniages of the Hole, (ftich 
as are agy bby ciy &c..) and by ufing a greater 
or lefs Hole in the Window-ftiut,- I made the 
Circular Images a g^ bhy c /, &c. of which it 
was formed, to become greater or lefs at pleafure, 
and thereby the Mixture of the Rays in the 
Image / / to be as much, or as little as I de- 
fired. 

. Illujlration. In the twenty-fourth Figure, I 
reprefents the Circular Hole in the Window- 
ihut, MN the Lens, whereby the Image or Spe- 
cies of that Hole is caft diftindly upon a Papo 
at J, ABC the Prifm, whereby the Rays arc a 
their emerging out of the Lens refraded fron 
J towards another Paper at / /, and the rounc 
linage at J is turned into an oblong Image p. 
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felline on that other Paper. This Image pt con- 
lifts of Circles placed one iafter another in a Red:i- 
linear Order, as was fufficiefttly explained in the 
fifth Experiment J and thefe Circles are equal to 
the Circle J, and confequently anfwer in magni- 
tude to the Hole F5 and therefore by diminifhing 
that Hole they may be at pleafure diminifhed, 
whilft their Centers remain in their Places. By 
this means I made the Breadth of the Image // 
to be forty times, and fometimes fixty or feventy 
times lefs than its Length. As for inftance, if 
die Breadth of the Hole F be one tenth of an 
Inch, and MP the diftance of the Lens from the 
Hole be 12 Feet; and if /B or /M the diftance 
of the Image pt from the Prifm or Lens be 10 
Ttetj and the refrafting Angle of the Prifm be 
62 Degrees, the Breadth of the Image pt will 
be one twelfth of an Inch, and the Length about 
fix Inches, and therefore the Length to the 
Breadth as 72 to i, and by confequence the 
Light of this Image 71 times lefs compound 
than the Sun's dired: Light. And Light thus far 
fimple and homogeneal, is fufficient for trying 
all the Experiments in this Book about fimple 
Light. For the Compofition of heterogeneal 
Rays is in this Light fo little, that it is fcarce to 
be difcovered and perceived by Sertfe, except per- 
haps in the indigo and violet. For thefe being 
dark Colours, do eafily fufFer a fenfible Allay 
by that little fcattering Light which ufes to be 
refra<5ted irregularly by the Inequalities of the 
Prifm. 

Yet inftead of the Circular Hole F, 'tis better 
to fubiliture an oblong Hole (haped \\kt 2l Votv^ 



6o O P T I C K S. 

Parallelogram with its Length parallel to the 
Prifm ABC. For if this Hole be an Inch or 
two long, and but a tfcnth or twentieth Part of an 
Inch broad, or narrower; theL^ht of die Image 
ft will be as fimple as before, or Ampler, and 
the image will become much broader, and there-^ 
fore more fit to have Experiments try'd in its 
Light than before. 

Inftead of this Parallelogram Hole may be fub- 
ftituted a tfiangular one of equal Sides, whofe 
Bafe, for inftance, is about the tenth Part of an 
Inch, and its Height an Inch or more. For by 
this means, if the Axis of the Prifm be parallel to 
the Perpendicular of the Triangle, the Image pt 
[in JFVg-. 25.] will now be form'd of eqtiicniral 
Triangles /z^, bh^ ciy dkj el^fm, &c. and in* 
numerable other intermediate ones anfwcring to 
the triangular Hole in Shape and Bignefs, and lying 
one after another in a continual Series between 
two Parallel Lines /^/ and gm. Thefe Triangles 
are a little intermingled at their Bafes, but not at 
their Vertices ; and therefore the Light on the 
brighter Side af of the Image, where the Bafes 
of the Triangles are, is a little compounded, but 
on the darker Side gm \s altogether uncom- 
pounded, and in all Places between the Sides the 
Compofition is proportional to the diftances of 
the Places from that obfcurer Side gin. And har 
ving a Spcftrum / / of fuch a Compofition, wc 
may try Experiments either in its ftronger and lefe 
iimple Light near the Side af^ or in its weaker and 
fimpler Light near the other Side girty as it (haU 
fccm mod convenient. 



^\i: 
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But in making Experiments of this kind, the 
Quunber ought to be made as dark as can be, 
feft any Foreign Light mingle it felf with the 
Light of the Svc&nxm f)ty and render it com- 
pound ; efpeciaUy if we would try Experiments 
in the more fimple Light next the Side g m of 
the Spe&nun ; which being fainter, will have 
a lefs proportion to the Foreign Light ; and fa 
by the mixture of that Light be more troubled, 
and made more compound. The Lens alfo 
ought to be good, fticfh as may ferve for opti- 
cal UicSy and the Prifm ought to have a large 
Anel^ fuppofe of 65 ot 70 Degrees, and to be 
well wrought, being made of Glafs free from 
Bubbles and Veins, with its Sides not a little 
convex or concave, as ufually happens, but truly 
plan^ and its Polifh elaborate, as in working 
Optidc-glailes, and not fuch as is ufually wrought 
with Putty, vvrhereby the edges of the Sand- 
holes being worn awav, there are left all over 
the Glafs a numberleis Company of very little 
convex polite Riiings like Waves. The edges 
alfo of the Prifm and Lens, fo far as they may 
make any irregular Refradion, muft b^ covered 
with a black Paper glewed on. And all the 
Light of the Sun's-Beam let into the Chamber, 
which is ufelefs and unprofitable to the Experi- 
nicnt, Qugjbx to be intercepted with bkick Pa- 
per, or other black Obftaclcs. For otherwife 
the uielefs Light being reflefted every way in 
the Chamber, will mix with the oblong Spc- 
ftrum, and help to difturb it. In trying thcfc 
Things, fo much diligence is not altogether ne- 
ceflary, but it will proinQX!^ the Succcfe oi xlt\5i 
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Experiments, and by a very fcrupulous Examin 
of Things deferves to be apply'd. It's difficu 
to get Glafs Prifms fit for this Purpofe, and ther 
fore I ufed fometimes prifmatick Veflels ma< 
with pieces of broken Looking-glaffes, and filk 
with Rain Water. And to increafe the Refraftioi 
I fometimes impregnated the Water ftrongly^wii 
Saccharum Satu7'ni. 



PROP. V. Theor. IV. 
Hofriogeneal Light is refraSied regulari 
without any Dilatation fpliftingorjhattef 
ing of the Ray s^ a7id the confuJedVifion i 
ObjeEis feen through refraSiing Bodies I 
heterogeneal Light artfes from the dijfi 
rent Refrangibtlity of fever al forts of Ray 

THE firft Part of this Propofition has bee 
already fufficicntly proved in the fifth E: 
pti iment, and will farther appear by the Expei 
ments which follow. 

Exper. 12. In the middle of a black Paper 
made a round Hole about a fifth or fixth Part \ 
an Inch in diameter. Upon this Paper I caufc 
the Speftnim of homogeneal Light defcribc 
in the former Propofition, fo to fall, that fon 
part of the Light might pafs through the Ho 
of the Paper. This tranfmittcd part of tl 
Light I refrafted with a Prifm placed behir 
the Paper, and letting this refraded Light fa 
perpendicularly upon a white Paper two < 
three Feet diftant from the Pxifm, I found th; 
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the Spcflrum formed on the Paper by this Light 
was not oblong, as when 'tis made (irt the third 
Experiment) by refrafting the Sun's compound 
L^ht, but was (fo far as I could judge by my 
Eye) perfcdtly circular, the Length being no 
greater than the Breadth, Which fhews, that this 
Light is rcfradted regularly without any Dilatation 
of the Rays. 

^xper. 13. In the homogeneal Light I placed 
a Paper Circle of a quarter of an Inch in diameter, 
and in the Sun's unrefradted heterogeneal white 
L^t 1 placed another Paper Circle of the fame 
Bigncis. And going from the Papers to the di- 
ftancc of fomeFeet, I viewed both Circles through 
aPrifm. The Circle illuminated by the Sun's he- 
terogeneal Light appeared very oblong, as in the 
fourth Experiment, the Length being many times 
greater than . the Breadth ; but the other Circle, 
illuminated with homogeneal Light, appeared cir- 
cular and diftindtly defined, as when- 'tis view'd 
with the naked Eye. Which proves the whole Pro- 
pofition, 

Exper. 14. In the homogeneal Light I placed 
Flics, and fuch-like minute Objedtjr, and view- 
ing th^m through a Prifm, I faw their Parts as 
diftindly defined, as if I had viewed them with 
the naked Eye. The fame Objects placed in 
the Sun's unrefradid heterogeneal Light, which 
was white, 1 viewed alfo through a Prifm, and 
faw them moA cohfufedly defined, fo that I 
could not diftinguifh their fmaller Parts from 
one another. I placed alfo the Letters of a 
fmall print, on^while in the homogeneal Light, 
and t&n in theJieterogeneal, and vie\vm^v\vcrcv 
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through a Prifm, they appeared in the latter C 
fo confufed and mdUlindt, that I could not re 
them; but in the former they appeared fo diftin 
that I could read readily, and thought I (aw thi 
as diftind, as when I view'd them with my nali 
Eye. In both Cafes I viewed the lame Ohje< 
through the fame Prifm at the fame diftance (a 
me, and in the fame Situation. There was 
diflference, but in the Light by which the Objc 
were illuminated, and which in one Cafe i 
£mple, and in the other compound ; and the 
fore, the diftinft Vifion in the former Cafe, ; 
confufed in the latter, could arife from noth 
elfe than from that difference of the Lig! 
Which proves the whole Propofition. 

And in thefe three Experiments it is fan 
very remarkable, that the Colour of homogei 
Light was never changed by the Refraction. 



PROP. VL Theor. V. 

7%e Sine of Incidence of every Ray rft 
dered apart ^ is to its Sine of Refrfl^t 
in a given Ratio. 

^T^HAT every Ray confider'd apart, is < 
1 flant to it felf in fome dej^ree of R«f 
gibility, is fufficiently manifcfl out of what 
been faid. Thofe Rays, which in the firft 
fradlion, are at equal Incidences moft refrti 
are alfo in the following Refradioos at e 

] 
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Incidences moft refraded -, and fo of the leaf): 
rcfiangible^ and tbe reft which have any mean 
Decree of Refrangibility, as is manifeft by the 
Githy fixth, feventh^ eighth, and ninth Expe- 
riments. And thofe which the firft Time at 
like Incidences are equally refradted, are again 
at like Incidences equally and uniformly refract- 
ed, and that whether they be refradted before 
^ihcy be Separated from one another, as in the 
iifth Experiment, or whether they be refradled 
a^>art» as in the twelfth, thirteenth and four- 
teenth Experiments. The Refraiftion therefore 
of every Ray apart is regular, and what Rule that 
Refra&ion obferves we are now to fhew*. 

The late Writers in Opticks teach,- that the 
Sines of Incidence are in a given Proportion 
to the Sines of Refraction, as was explained in 
the fifth Axiom ; and fomq by Inftruments fit- 
ted for meafuring of Refradtions, or otherwife 
experimentally examining this Proportion, do 
acquaint us that they Imve found it accurate. 
But whilft they, not underftanding the diffe- 
rent Refrangibility of feveral Rays, conceived 
them all to be refradted according to one and 
the fame Proportion, 'tis to . be prefumed that 
they adapted their Meafures only to the middle 
of the .refradted Light ; fo that from their Mea- 
fures we may conclude only that the Rays 
which have a mean Degree of Refrangibility, 
that is, thoftf which when feparated from the 
reft appear green, are refradted according to a 
^vcn Proponion of their Sines. Jt\nd there- 

• This is very fully tnatti of in our Authoi'i L^&» O^uc Pflrt 1, 
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fore we are now to (hew, that the like giva 
Proportions obtain in ail the reft. That i 
fhould be fo is very reafonable. Nature beinj 
ever conformable to her felf ; but an experimen 
tal Proof is dcfired. And fuch a Proof will be had 
if we can (hew that the Sines of Refraftion o 
Rays differendy refrangible are one to another i] 
a given Proportion when their Sines of Incidenc 
are equal. For, if the Sines of Refradion of al 
the Rays are in given Proportions to the Sine c 
Refradions of a Ray which has a mean Degree to 
Refrangibility, and this Sine is in a given Propor 
tion to the equal Sines of Incidence, thofe oshc 
Seines of Refraction will alfo be in given Propor 
tions to the equal Sines of Incidence. Now 
when the Sines of Incidence are equal, it ivil 
appear by the following Experiment, that di 
Sines of Refraction are in a given Proportion fi 
one another. 

Exper. 1 5. The Sun fhining into a dark Cham 
ber through a little round Hde in the Window- 
fhut, let S [in Fig. 26.] reprefent his rouni 
white Image paintol on the oppofite Wall bj 
his direct Light, PT his oblong colourec 
Image made by refradting that Light vlith i 
Prifm placed at the Window ; and pt^ 01 
2p 2ty or 2P 3 fy ^^s oblong coloured Imagi 
made by refradting again the fame Light fide- 
ways with a fecond Prifm placed immediat^l] 
after the fuHk in a crofs PofitioA to it, as wzi 
cicplained in the fifth Experiment ; that is u 
fay, pt when the Refradtion of the feconc 
Prifin is fmall, zp 2t when its Refradtion v 
greattr, and 3^3^ when it is greatdL Fa 
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fuch will be the diverfity of the Refradions, if . 
the rcfradting Angle of the fecond Prifm be of 
various Magnitudes; fuppofe of fifteen or tv/cn- 
ttr Degrees to ^piabe tlie Image pf, of thirty or 
forty to make me In^age zp2t, and of fixty to 
make the Image 3/ 3/. But for want of folid • 
Clafs Prifins with Angles of convenient Big- 
ncflcs, there may be Veflels made of polifhcd 
Plates of Glafs cemented together in the form of 
Prifins and filled with Water. Thefe things be- 
ing thus ordered, I obferved that all the folar 
lm%fB^ or coloured Spedlrums PT, //, zp 
2/, 3/3/ did very nearly converge to the place 
8 00 wpich the direft Light of the Sun fell 
and painted his white round Image when the 
Prifins were taken away. The Axis of the Spe- 
(5rum FT, that is the Line drawn through the 
middle of it parallel to its reftilinear Sides, 
did when produced pais exaftly through the 
middle of mat white round Image S. And when 
the Refraftion of ^fhe fecond Prifm was equal 
to the Refraction of the firft, the refrafting An- 
gles of them both being about 60 Degrees, the 
Axis of the Spedlrum 3/ 3 / made by that Re- 
iizStxs>Ti^ did when produced paf§ alio through 
the middle of the lame white roynd Image S. 
But when the Refradlion of the fecond Prifm 
was Icfs than that of the firfty the produced 
Axes of the Spedrums tp or 2 1 zp made by 
that Refraftion did cut the produced Axis of 
theSpcftrum TP in the points m and ;/, a lit- 
tle beyond the Center or that white round I- 
mage S. Whence the proportion of the Line 
3/ T to the Line ^/P was a little ^twiXfct tV^^ 

F 2 iJofc 
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the Proportion of 2/ T to 2/P, ancl this Pre 
portion a little greater than that of / T to ^ ] 
Now when the Light of the Spedtrum P T fal 
perpendicularly upon the Wall, thofe Lin( 
3/T, 3^P, and2/T, 2/rP, and /T, pPy ai 
the Tangents of the Refradtions, and therefoi 
by this Experiment the Proportions of the Tar 
gents of the Refractions are obtained, froi 
whence the Proponions of the Sines being d( 
rived, they come out equal, fo for as bv vicv 
ing the Spedxums, andufing fome mathemat 
cal Reafoning I could eftimate. For I did n( 
make an accurate Computation. So then tl 
Propofition holds true in every Ray apart, i 
Bur as appears by Experiment. And that it 
accurately true, may be demonftrated upon th 
Suppofition. ^bat Bodies refraSt Light by aSii 
t^on its Rays in Lines perpendicular to their Sw 
faces. But in order to tnis Demonftratiqn, I mu 
diftinguifh the Motion of every Ray into tw 
Motions, the one perpendicSlar to thlc refradtin 
Surface, the other parallel to it, and concernin 
the perpendicular Motion lay down the follov 
ing Propofition. 

If any Motion or moving thing whatfoever t 
incident with any Velocity on any broad an 
thin fpacc terminated on both fides by two para 
|el Planes, and in its Paflagc tm-ough th 
Ipace be urged perpendicularly towards the fai 
ther Plane by any force which at given diftanc( 
from the Plane is of given Quantities 5 the pei 
pendicular velocity of that Motion or Thinj 
at is emerging out of that (pace, (hall be alwi^ 
equal to the fquare Root of the fum of ti 

3 ^^^ 
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fquarc of the perpendic.ular velocity of that 
Motion or Thing at its Incidence on that fpace; 
and of the fquare of the perpendicular velocity 
which that Motion or Thing would have at its 
Emergence, if at its Incidence its perpendicular 
velocity was infinitely little. 

And the fame Propofition holds true of any 
Motion or Thing perpendicularly retarded in its 
paffage through that ipace, if inftead of the fum 
of the two Squares you take their difierence; 
The Dcmonftration Mathematicians will cafily 
find out, and therefore I fhall not trouhle titt 
Reader with it. 

Suppofe now that a Ray coming moft oblique* 
ly in tnc Line MC [in Fig. i.] be refraftcd at 
C by the Plane RS into the-LineCN, and if 
it be required to find the Line C E, into which 
any other Ray AC fhall be refradted; let MC, 
AD^ be the Sines of Incidence of the two Rays, 
and NG,EF, their Sines of Refradtion, and 
let the equal Motions of the incident Rays be 
reprefcntcd by the equal Lines MC and AC, 
and the Motion MC being confidered as paral- 
lel to the refradling Plane, let the other Motion 
AC be diflinguifhed into two Motions AD 
and DC, .one of which AD is parallel, and the 
other DC perpendicular to the refracting Sur- 
face. In like manner, let the Motions of the 
emerging Rays be diftinguifh'd into two, whereof 

the perpendicular pnes are -j^ CG and ^ CF. 

And if the force of the refradting Plane begin? 
to ad upon the Rays either in that Plane or at 
» certain diftance from it on the one fide^ and 
Wds at a certain diftance from \t oiv \!&a o\V«.^ 
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fide, and in all places between thdfe two limits 
afts upon the Rays in Lines perpendicular to 
that refrafting Plane, and the A6tions upon the 
Rays at equal diftanccs from the rcfraflltig Plane 
be equal, and at unequal ones either equal or un- 
equal according to any rate whatever j that Mo- 
tion of the Kay which Is parallel to the re- 
fradting Plane, will fufFer no Alteration by that 
Force ; and that Motion which is perpendictilar 
to it will be altered according to the rule of the 
foregoing Propofitibn. If therefore for the per- 
pendicular velocity of the emerging Ray CN 

you write j^^ GG as above, then the perpendi- 
cular velocity of any other emcrgifil; Ray CB 
which was ^-2 CF, will be equal to the fquatt 

Root of CD J -h f§^ CG jr. And by fquaring 

thcfe Equals, ahd adding to them .the EqUah 
ADy and MCq — CDy, ahd dividing the 
Sums by the Equals CF ^-hE'Fy 9ild CO j 4* 

NGjf, you will have ^c ^^^^^JhA' Whence 
A D, the Sine of Incidence, is to E F the Sine of 
Refraftion, as MC to NG, that i$>- ih a given 
ratio. And this Demtonftration being general, 
without determining what Light is, dr by whai 
kind of Force it ia refracted, or aflbhiing any 
thing farther than that the refridling Body adts 
upon the Rays in Lines perpendicular to its Sur- 
face J I take it to be *^ very, convincing Argument 
of the full truth of this Pfopofition, 

So then, liF the ratio of the Sines of Inci- 
dence and Refradioh of any 'fijrt of Rays be 

fosrnd 
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bund in any one cafe, 'tis given in all cafes ; and 
his may be readily found by the Method in the 
ibllowing Fropoiition. 

PROP. VU. Theor. VI. 
7be PerfeSiion of Tele/copes is impeded by 
the different Refrangtbitity of the Rays 
^of Light. 

THE Imperfeaion of Telefcopcs is vul- 
garly attribnted to the fpherical Figures of 
the Glafles, and therefore IMiithematicians hav6 
propounded to figure them by the conical Secti- 
ons. To fhcw that they are miftaken, I have in- 
ferted this Propofition j the truth of which will 
appear bv the meafure of the Refraftions of the 
feveral forts of Rays ; and thefe meafures I thus 
determine. 

In the third Experiment of this firft Parr, 
where the refrafting Angle of the Prifm was 62^ 
Degrees, the half of that Angle 31 deg. i5min. 
is'We Angle of Incidence of the Rays at their go- 
ing out of the Glafs into the Air *; and the Sine of 
this Angle is 5 188, the Radius being loooo. When 
the Axis of this Prifm was parallel to the Horizon, 
and the Refraction of the Rays at their Incidence 
on this Prifm equal to that at their Emergence out 
of it, I obferved with a Quadrant the Angle which 
the mean refrangible Pays, ( that is thofe which 
went to the middle of the Sun's coloured Image ) 
made with the Horizon, and by this Angle and the 
Sun's altitude obferved at the fame time, I found the 

* 5tfir MTT Author*; LeA. Optic. Part I. Sed. II. $. 29. 

F 4 Angl 
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Angle which the cmergentRayscontained with the 
incident to be 44 deg. and 4o.min.. and the half of 
this Angle added to the Angle of Incidence 3 1 dcg. 
.15 min. makes the Angle of Refradion, which is 
therefore 53deg. 3 5 min. and its Sine 8047. Thefc 
are the Sines of Incidence and Refraction of the 
mean refrangible Rays, and their Proportion in 
round Numbers is 20 to 3 1. This Glafs was of a 
Colour inclining td green. The laft pf the Prifms 
mentioned in the third Experiment was of clear 
white Glafs. Its refrafting Angle 63 J Degrees* 
The Angle which the emergent Rays contained, 
-with the incident 45 deg. 50 min. The Sine of 
lialf the firft Angle 5262. The Sine of half the 
Sum of the Angles 8 157. And their Proportion in 
round Ninnbers zp fo 3 j, a$ before. 

From the Length of the Image, which waf 
about 9| or iQ Inches, fubduft its Bfeadth, which 
was 2j Inches, and the Remainder y\ Inches 
would be the Length of the Image were thp Sun 
but a Point, and therefore fubtends the Angle 
which the mpft and leaft refrangible Rays, whci 
incident on the Prifm in the fame Lines, dq 
contain, jvith one another after their Emergence. 
Whc/ice this Angle, is 2 deg. o'. 7". For the 
diftance between the Image and the Prifni 
where this Angle is made,' was iSf Feet, and 
at.that, diftance die Chord 7J Inches fubtends 
an Angle of 2 deg. o'. j\ Now half this Angle 
is the Angle which tnefe emergent Rays ogn- 
taiH with the emergent mean refrangible Rays^ 
and a quarter thereof, that is 30'. 2''. may be 
jiccQunted the Angle which they would contain 
with the fanae emergent mean refrangible Rays, 

were 
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^TOft diey co-incident to them within theGlaf^, 
andfuffcrcd no other Refradtion than that at their 
Emergence. For, if two equal Refraftions, the 
one at the Incidence of the Rays on the Prifm, 
the other at their Emergence, make half the 
Angle 2 deg, o'. 7''. then one of thofe Refradions 
will make about a quarter of that Angle, and this 
quarter added to, and fubdudled from the Angle 
of Refradion of the mean refrangible Rays, 
which was 53 deg. 35', gives the Angles of Rcr 
fradion of the moft and leaft refrangible Rays 
S4dcg. 5' 2", and 53 deg. 4' 58", whofe Sines 
arc 8099 and 7995, the common Angle of In- 
cidence being 31 deg. 15^, and its Sine 5188; 
^d thefe Sines in the leaifc round Numbers are in 
proponion to one another, as 78 and 77 to 50. 

Now, if you fubduft the common Sine of In- 
cidence 50 fromr the Sines of Refraftion jj and 
78, the RoBainders 27 and 28 (hew, that in fmall 
Kcfra£tipns the Refradtion of the leaft refrangi- 
ble Rays is to the Refraction of the mofl: refran- 
gible ones, as 27 to 28 very nearly, and that the 
diflfcrcnce of the Refraflions of the leaft refran- 
gible and moft refrangible Rays is about the 
^7kh Part of the whole Refraftion of the mean 
refrangible Rays. * 

Whence they that are skilled in Opticks will 
cafily undcrfland, * that the Breadth of the leafl 
circular Space, into which Objeft-glaffes of Te- 
Icfcopes can colled: all forts ot Parallel Rays, is 
about the 27ith Part of half the Aperture of the 
Glafc, or 55 th Part of the whole Aperture j and 

• ^ii is Jmonftrated in our AuihorV Lc^. Optic, fart I. Se/f. IV. 

that 
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that the Focus of the moft refrangible Rays rs 
nearer to the Objeft-glafs than the Focus of th^ 
leaft refrangible ones, by about the 2;ith Part a:tf 
the diftance between the Objeft-glafs and th^ 
Focus of the mean refrangible ones. 

And if Rays of all forts, flowing from an;^ 
one lucid Point in the Axis of any convex Len? ^^ 
be made by the Refraftion of the Lens to con — 
verge to Points not too remote from the Len^^ 
the Focus of the mtoft refrangible Rays fliall b^s 
nearer to the Lens than the Focus of the leaA:: 
refrangible ones, by a diftance which is to th^ 
275th Part of the diftance of the Focus of th^ 
mean refrangible Rays from the Lens, as the di — - 
ftanee between that Focus and the lucid Point, 
from wheiide the Rays flow, is to the diflancc be- 
tween that lucid Point and the Lens very nearly. 

Now to examine whether the DifJcrence be^ 
tween the Refraftions, which the moft refrangi- 
ble and the leaft refrangible Rays fioWihg from 
the fame Point fuffer in the Objeft-glafles of Te- ^ 
lefcppcs and fuch-like Glafles, be fo great as is • 
here defcribed, I contrived the following Experi- 
ment. 

Exprr. 16. The Lens yrhich I ufcd iii the fe- 
cond and eighth Experiments, being placed fix 
Feet and an Inch diftant from any Objeft, col- 
leflcd the Species of that Objeft by me mean 
refrangible Rays at the diftance of fix Feet and 
an Inch from the Lens on the other fide. And 
therefore by the foregoing Rule, it ought to col- 
le<ft the Species of that Objedl bv the leaft re- 
frangible Rays at the diftance of*^fix Feet and 
3i Inches from the Lens, and by the moft re- 
frangible 
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raneiHtf ones at the diftance of five Feet and 
o{ Inches from it : So that between the two 
^laces, where thefe leaft and moft refrangible 
lays colleft the Species, there may be the di- 
ancc of about 5} Inches. For by that Rule, 
I fix Feet and an Inch (the diftance of the Leni 
•om the lucid ObjeA) is to twelve Feet and 
^o Inches (the diftance of the lucid Objeft 
fom the Focus of the mean refrangible Rays ) 
hat is, as One is to Two; fo is the 2j\th Part 
f fix Feet and an Inch (the diftance betweeft 
he Ltn$ and the faitie Focus) to the diftance 
letwebn the Focus of the moft rejfrangible Ray& 
nd the Focus of the leaft refrangible ones, 
irhich is, therefore ^'^ Inches, that is ye^ nearly 
finches;. Now to know whethet this Meafure 
ns true, I repeated the fccond and eighth Ex- 
^orimenr with coloured Light, which was Icfs ^ 
on ip tmrtded than that I there made ufe oft 
^or 1 now fcparated the heteroeencous Rays 
rom one- ahotner by the Method I defcribed 
1 thcddrenth Experiment, fo as to make a 
oloufed Spedtrlrm about tr\Velve or fifteen Times 
Miger Aan broad. This Spedtrum I caft on 4 
irinted Book, and placing tne above-menti(fFned 
iCAs zx the diftance of fix Feet and an Inch 
rom this Spedrum to coUedl the Species of 
he illukninated Letters at the fame diftance on 
he other fide, I found that the Species of the 
-»etters illuminated with blue were nearer to 
he Lens than thofe illuminated with deep 
td by about three Inches, or three and a quar- 
Kr •, but the Species of the Letters illumi- 
nated with indigo and violet appeared fo con- 
I fufed 
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fufed and indiftina, that I could not rpad ^hem: 
Whereupon viewing the Prifm, I found it was 
full of Veins running ft-om one end of the Glafs 
to the other j fo that the Refradion could not 
be regular. I took another Prifin therefore 
which was free from Veins, and inftcad of the 
Letters I uled two or three Parallel blacl^ Lines 
a little broader than. the Strokes, of the Let- 
ters, and cafiing the Colours upon. the^e. lines 
in fuch manner, that !the Lines. ran along the 
Colours from one. end of the Spearum. to. the 
other, I found that the Focus where thp" indigo, 
or Qonfinc of this Cojour and violet, caft ,th^ 
Species of the blacik Lines mpft diftm^ly, j to 
be about four Inches,- or: 45 nearer W- the Lens 
than the ' Focus, where .the deepei); red caft the 
Species of the fame black Lines moft S^itt&j 
ly. The violet was To ; faint anddafk, that,] 
could not diffcrn the Species of the/Jjtpes di-i 
fl:in<ftly by that Colour y and therdfore conifi- 
dering that the Prlfm was made of a dark co^ 
loured Glafs inclining to .green, I took another 
Prifm of dear whi^e Olaft; but the Spt&xjito, 
of Colours which this Prifin made ',l^d long 
white Streams of faint Light ihooting ouf fron^ 
both ends t)f the Colour?^, which made ttiecpn-r 
elude that fomething vsras amifs ; and viewing 
the Prifm, I found two or. three little. Bubble^ 
in the Glafs, which refra(3:ed\he Light irregu-» 
iariy. WJierefore I cpvercd thajt Part of the Glafs 
with blackPaper,* and letting the Light pafsk 
through another Part of it which; was tree frona^- 
fuch Bu);)bles, the SpecStrum of Colours became: 
free fropx thofe irregular Streams of Light^^ anc3l 

wa^s 
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now fuch as I defired. But ftill I found 
idolet fo dark and faint, that I could fcarcc 
lie Species of the Lines by the violet, and 
at all by the deepeft Part of it, which was 

the end of the Spedtrum. I fufpedled there- 
, that this faint and dark Colour might be 
red by that fcattering Light which was re- 
ted, and refledted irregularly, partly by fome 
' fmall Bubbles in the Glafles, and partly 
the Inequalities of their Polifli ; which 
It, tho' it was but little, yet it being of a 
tc Colour, might fuffice to affedl the Senfe 
TOngly as to difturb the Phaenomena of that 
k and dark Colour the violet, and there- 

I tried, as in the 12th, 13 th, and 14th Ex- 
ments, whether the Light of this Colour 
not confift of a fenfible Mixture of heteroge- 
1$ Rays, but found it did not. Nor did the 
■actions caufe any other fenfible Colour than 
tt to emerge eut of this Light, as they 
tid have done out of white Light, and by 
iquence out of this violet Light had it been 
ibly compounded with white Light. And 
eforc I concluded, that the reafon why I 
Id not fee the Species of the Lines diftindtly 
this Colour, was only the Darknefs of this 
Mir, and Thinnefs of its Light, and its di- 
ce from the Axis of the Lens ; I divided 
efbre thofe Parallel black Lines into equal 
ts, by which I might readily know the di- 
ces of the Colours in the Spedtrum from 

another, and noted the diltances of the' 
18 from the Foci of fuch Colours, as caft the 
cics o£ dxe Lines diftinftly, and then confi- 

dered 
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dered whether the difference of thofe diftance3 
bear fuch proportion to 5 1 Inches, the grcareft 
Difference of the diftances, which the Foci of 
the deepeft red and violet ought to have from 
the Lens, as the diilance of the obiervcd Co- 
lours from one another in the Spedrum bear to 
the greateft diftaoce of the dcepeft red snd 
vblet meafured in the Rectilinear Sides of the 
Spedrum, that is, to the Length of thofe Sides, 
or Excefs of the Length of the Spedrum above 
its Breadth. And my Obfervations were as fol- 
lows. 

When I obferved and compared the deq)eft 
fenfible red, and the Colour m the Confine of 
green and blue, which at the Redilinear Suks 
of the Spedrum was diftant from it half the 
Length of thofe Sides, the Focus where the Con- 
fine of green and blue call the Species of the 
Lines diftindly on the Paper, was nearer to the 
Lens than die Focus, where the red caft ihofc 
Lines diftindly on it by about 2{ or 3| Inches. 
For foraetimes the Meafures were a little greater, 
ibmetimes a little lefs, but feldom varied firom 
one another above | of an Inch. For it was very 
difficult to define the Places of the Foci, with- 
out fome little Errors. Now, if the Colours 
diftant half the Length of the Image, (mea- 
fured at its Redilinear Sides) give ai or 2^ Diflfe- 
rcnce of the diftances of their Foci jErom the 
Lens, then the Colours diftant the whole Length 
ought to give 5 or 5} Inches difference of thofe 
diftances. 

But here it's to be noted, that I could pot 
fee the red to the full end of tjic SpednuP, 

but 
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)t)ly to the Center of the Semicircle which 
iJed that end,* or a little farther ; and ther&i- 
[ compared this red not with that Ccilour 
h was exa^ly in the middle of the Spedrumv 
mfine of green and blue, but with that which 
:d a little more to the blue than to the green: 
U I reckoned the whole Length of the 
urs not to be the whole Length of the 
brum, but the Length of its Redtilincar Sides, 
onpleating the femicircularEnds into Circles, 
1 Cither of the obfbrved Colours fell within 
: Circles, I meaftired the diftance of that 
rur from the femicircular End of the Spc- 
Hy and fubdu£ting half this diftance from 
Eiieafured didance of the two Colours, I 
. the Remainder for their corredled di- 
:e; and in theie Obiervations fet down this 
:fled diftance for the di&nence of the di- 
es of their Foci from the Lens. For, as 
^eogth of the Rediiinear Sides of the Spe- 
n would be the whole Length of all the 
iirs, were the Circles of which (as we 
^ed) that Spedrum coniifts contraded and 
c^ to Phyfical Points, fo in that Cafe this 
^ettd diftance would be the real diftance of 
two obferved Colours, 
^bcn therefore I farther obferved the decpeft 
ble red, and that blue whofe correfibed di- 
:e from it was ^ Parts of the Length of 
Rectilinear Sides of the Spcdtrum, the difie- 
e of the diftances of their Foci frona the 
B was about 3 '4 Inches, and as 7 to X2, fo is 

» si 

When 
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When I obferved the deepeft fenfible red, and 
that indigo whofe corrcfted diftance was ^ or | ol 
the Length of the Reftilinear Sides of the Spe- 
ctrum, the difference of the diftances of theii 
Foci from the Lens, was about 3I Inches, and a^ 
2 to 3, fo is 3I to si 

When I obferved the deepeft fenfible red, and 
that deep indigo whofe correfted diftance fronc 
one another was J^ or J of the Length of the 
Rectilinear Sides of the SpeCtrum, the difife- 
rence of the diftances of their Foci from th< 
Lens was about 4 Inches ; and as 3 to 4, f( 
is 4 to 5J. 

When I obferved the deepeft fenfible red 
and that Part of the violet next the indigo 
whofe corrected diftance from the red was j 
or i of the Length of the Redtilinear Sides of th 
Spedtrum, the difierence of the diftances of thei 
Foci from the Lens was about 4, Inches, an< 
as 5 to 6, fo is 4i to 55, For fometimes, whei 
the Lens was advantageoufly placed, fo that it 
Axis refpeiaed the blue, and all Things elf 
were well ordered, and the Sun fhone clear, an< 
I held my Eye very near to the Paper o) 
which the Lens caft the Species of the Lines, 
could fee pretty diftindtly the Species of thof 
Lines by that Part of the violet which was nex 
the incQgo ; and fometimes I could fee theri 
by above half the violet. For in making thef 
Experiments I had obferved, that the Specie 
of thofe Colours only appear diftindt, which wer 
in or near the Axis of the Lens : So that if th 
blue or indigo were in the Axis, I could fc 
their Species diftindlys and then the red ap 

pearc 
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peaitd much lefs diftinft thah before. Wherefore 

X contrived to make theSpeftrum of Colours ftior- 

rcr than before, fo that both its Ends might be 

nearer to the Axis of the Lens. And now its 

X^ngth was about 2t Inches, and Breaddi a-^ 

l30ut T or i of an Inch. Alfo inftead of the 

black Lines on which the Spedtrum was caft, I 

n[iade one black Line broader than thofe, that I 

xxi^t fee its Species more eafily ; and this Line I 

clivided by fliort crofs Lines into equal Parts, for 

xneafuring the diftances of the obferved Colours. 

And now I could fometimes fee the Species of 

this Line with its Divifions almoft as far as the 

Center of the femicircular violet End of the 

Speftrum^ and made thefe farther Obferva- 

tions. 

When I obferved the deepeft fenfible red, and 
that Part of the violet, whofe corredted diftance 
from it was about i Parts of the Reftilinear Sides 
oftbcSpedtrum, the Difference of the diftances 
of the Foci of thofe Colours from the Lens^ 
was one time 4^}, another time 4I, another time 
4nnches; and as 8 to -9, fo are 47, 4t, 4*, to 
5?) Srr, sa refoedtively. 

When I obferved the deepeft fenfible red, 
and deepeft fenfible violet, ( the corredlcd di- 
ftance or which Colours, when all Things were 
ordered to the beft Advantage, and the Sun 
ihonc very clear, was about tt or -ff Parts of the 
Length of the Reftilinear Sides of the colour- 
td Spcftrum ) I found the Difference of the di- 
ftances of their Foci from the Lens fometimes 
4l fometimes 5 ', and for the moft part 5 In- 
, G chcs 
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ches or thereabouts ; and as ii to 12, or 15 
16, fo is five Inches to 5 • or 5^ Inches. 

And by this Progreflion of Experiments I fat: 
fied my felf, that had the Light at the very En 
of the Speftrum been ftrong enough to make d 
Species of the black Lines appear plainly on tl 
Paper, the Focus of the deepeft violet woul 
have been found nearer to the Lens^ than tl 
Focus of the deepeft red, by about 5^ Inch 
at leaft. And this is a farther Evidence, th 
the Sines of Incidence and Refraction of the fi 
veral forts of Rays, hold the fame Proportion 1 
one another in the fmalleftRefradtions vrhich tb 
do in the greateft. 

My Progrefs in making this nice and troubl 
fome Experiment I have fet down mor^ at larg 
that they that fhall tiy it after me may be awa 
of the Circumfpeftion requifite to make it fu 
ceed well. And if they cannot make it fu 
ceed fo well as I did, they may notwithftan< 
ing coUedl by the Proportion of the diftance 
the Colours of the Speftrum, to the DifTeren- 
of the diftances of their Foci from the Let 
what would be the Succefs in the more diftaj 
Colours by a better trial. And yet, if they u 
a broader Lens than I did, and fix it to a loi 
ftrait Staff; by means of which it may be re 
dily and truly diredled to the Colour whofe F^ 
cus is defired> I queftion not but the Exper 
ment will fucceed better with them than it d 
with me. For I diredled the Axis as nearly as 
could to the middle of the Colours, and thic 
the faint Ends of the Speftrum being remo 
frpfli the Axis, caft t^ii Species lefs diftindlJ 

I c 
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on the Paper than they would have done, had the 
Axis been fucceflively diredted to them. • 

Now by what has been faid, it's certain that the 
Rays which differ inRefrangibility do not converge 
to die fame Focus; but if they flow from a lucid 
Point, as far from the Lens on one fide as their 
Foci are on the other j the Focus of the mofl re- 
frangible Rays fhall be nearer to the Lens than chat 
of wc Icaft refrangible, by above the fourteenth 
Part of the whole diflance ; and if they flow from 
a lucid Point, fo very remote from the Lens, that 
before their Incidence they may be accounted pa- 
rallel, the Focus of the mofl refrangible Ravs fhall 
fee nearer to the Lens than the Focus of tne leafl 
refrai^ible,by about the 27th or aSthPart of their 
whole diftance from it. And the Diameter of the 
Circle in the middle Space between thofe two 
Foci which they illuminate, when they fall there 
on any Plane, perpendicular to the Axis (which 
Cirdc is the leafl into which they can all be ga- 
thered) is about the 55th Part of the Diameter 
of the Aperture of the Glafs. So that 'tis a won- 
fe, that Telefcopes reprefent Objefts fo diflindl 
* they do. But were all the Rays of Light 
equally refrangible, the Error arifing only from 
Ac Sphericalnefs of the Figures of GlafTes would 
fcc iMny hundred times lefs. For, if the Objed:- 
glafs of a Telefcope be Plano-convex, and the 
Wane fide be turned towards the Objeft, and 
fbc Diameter of the Sphere, whereof this Glafs 
is a Segment, be called D, and the Semidiame- 
ter of the Aperture of the Glafs be called S, aiid 
^ Sine of Incidence out of" Glafs into Air, be 
to the Sine of Refradtion as I to R ; the Rays 

G 2 which 
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which come parallel to the Axis of the Glafs, (ha 
in the Place where the Image of theObjeil is mc 
diftindtly made, be fcattered all over a little Circl 

Rf Scub, 

whofe Diameter is — X — — very nearly, * : 

Iq Dquad. ^ ^ 

I gather by computing the Errors of the Rays t 
the Method of infinite Series, and rejeding tl 
Terms, whofe Quantities are incohfiderable. / 
for inftance, if the Sine of Incidence I, be to tl 
Sine of Refradtion R, as 20 to 3 1, and if D tl 
Diameter of the Sphere, to which the Conve: 
fide of the Glafs is ground, be 100 Feet or 12c 
Inches, and S the Semidiameter of the Aperture 1 
two Inches, the Diameter of the little Circl 

(that IS -^ -) will be i — I (< 

^ Iq%Dquad. 20 >CioX 1200X I200 ^ 

72000000 y Parts of an Inch. But the Diameter < 

the little Circle, through which thefe Rays ai 
fcattered by unequal Refrangibility, will be aboi 
the 55th Part of the Aperture of the Objeft-glai 
which here is four Inches. And therefore, tl: 
Error arifing from the Spherical Figure of tl 
Glafs, is to the Error arifing from the different Re 

franeibility of the Rays, as — to - ^ that 

^ J ^ ' 72000000 55^ 

as I to 5449 ; and therefore, being in comparifo 

fo very little, deferves not to be confidercd. 

But you will fay, if the Errors caufcd by th 

different Refrangibility be fo very great, ho^ 

comes it to pals, that Objeds appear throug 

Telefcopes fo diilinft as they do ? I anfwer, 't 

* Hoto to do this, is Jbaon in our AathorV Left. Optic, tart \ 
Sea. IV. Prof. 31. 

becaui! 
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bccaufc the erring Rays are not fcattered uni- 
formly over all that Circular Space, but colleded 
infinitely more denfely in the. Center than in 
any other Part of the Circle, and in the Way 
from the Center to the Circumference, grow 
continually rarer and rarer, fo as at the Circum- 
ference to become infinitely rare ; and by rea- 
son of their Rarity are not ftrong enough to be 
vifible, unlefs in the Center and very near it. 
LctADE [in Fig. 27.] reprefent one of thofe 
Circles defcribed with the Center C, and Semi- 
diameter AC, and let BFG be a fmaller Circle 
concentrick to the former, cuttmg with its Cir- 
cumference the Diameter AC in B, and bifeft 
ACin N; and by my reckoning, theDenfity of 
the Light in any Place B, will be to its Denfity 
in N, as AB to BC; and the whole Light with- 
in the IcfTer Circle BFG,. will be to the whole 
Light within the greater A ED, as the Excefs 
of the Square of AC above the Square of AB, 
is to the Square of AC. As if B C be tjie fifth 
Part of AC, the Light will be four times dcn- 
fcr in B than inN, and the whole Light within 
the lefs Circle, will be to the whole Light with- 
in the greater, as nine to twenty-five. Whence 
it's evident, that the Light within the lels Cir- 
cle, iiiuft ftrike the Senfe much more ftrongly, 
than that faint and dilated Light round about 
between it and the Circumference of the grea- 
ter. 

But it's farther to be noted, that the mcii lu- 
minous of the Prifmatick Colours are the yel- 
low and orange. Thefe aflTeft the Senfcs more 
ftrongly than all the reft together, and next to 

G 3 vb:-^:. 
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thcfe in ftrcngth are the red and green. Th< 
blue compared with thefe is a faint and dark 
Colour, and the indigo and violet are much 
darker and fainter, fo that thefe compared with 
the ftronger Colours are little to be regarded 
The Images of Objefts are therefore to be pki 
ced, not in the Focus of the mean refrangible 
Rays, which are in the Confine of green and 
blue, but in the Focus of thofe Rays which arc 
in the middle of the orange and yellow j there 
where the Colour is moft luminous and fulgent, 
that is in the brighteft yellow, that yellow whicl: 
inclines more to. orange than to green. And 
by the RefradHon of ttefe Rays ( whofe Sines oi 
Incidence and Refraftion in Glafs are as 17 and 
1 1 ) the Refradion of Glafs and Cryftal for Op- 
tical Ufes is to be meafured. Let us therefore 
place the Image of the Objcdt in thfe Focus oj 
thefe Rays, and all the yellow and orange wil 
fall within a Circle, whofe Diameter is aboui 
tlie 250th Part of the Diameter of the Apermn 
of the Glafs. And if you add the brighter hal: 
of the red, (that half which is next the orange 
and the brighter half of the green, ( that hal 
which is next the yellow ) about three fiftl 
Parts of the Light of thefe two Colours wil 
fall within the fame Circle, and two fifth Part 
will fall without it round about j and that whicl 
falls without will be fpread through almoft a 
much more fpace as that which falls within 
and fo in the grofs be almoft three times rarei 
Of the other half of the red and green, (that i 
of the deep dark red and willow green) abou 
one quarter will fall within this Circle, an< 

thrc< 
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three quaners without, and that which falk 
without will be fpread through about four or 
five times more fpace than that which falls with- 
in; and fo in the grofs be rarer, and if com 
pared with the whole Light within it, will be 
about 25 times rarer than all that taken in. the 
grofs 5 or rather more than 30 or 40 times ra- 
iief, becaufe the deep red in the end of thfe 
Spedrum of Colours made by a Prifm is very 
thin and rare, and the wUlow green is fome"- 
thing rarer than the orange and yellow. The 
Light of thefe Colours therefore being fo very 
much rarer than that within the Circle, will 
fcarcc afFedjt the Senfe, efpecially fince the deep 
red and willow green of this Light, are much 
darker Colours than the reft. And for the fame 
reafon the blue and violet being mtlch darker 
Colours than thefe, and much more rarified, 
may be negleded. For the denfe and bright 
Light of the Circle, will obfcure the rare and 
w<^ Light of thefe dark Colours round about 
It, and render them almoft infenfible. The 
fenfible Image of a lucid Point is therefore 
fcarce broader than a Circle, whofe Diameter is 
tht 250th Part of the Diameter of the Apenure 
of the Objedt-glafs of a good Telefcope, or not 
much broader, if you except a faint and dark mifty 
Light round about it, which a Spedlator will 
fcarce regard. And therefore in a Telefcope, 
whofe Aperture is four Inches, and Length an 
hundred Feet, it exceeds not 2^45''', or 3". And 
in a Telefcope whofe Aperture is two Inches, 
and Length 20 or 30 Feet, it maybe 5" or 6", 
and fcarce above. And this anfwers well to 

G 4 Ex\)c- 
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Experience : For fome Aftronomers have found 
the Diameters of the fix'd Stars, in Telefcopcs 
of between 20 and 60 Feet in length, to be a- 
bout 5" or 6", or at moft 8'' or 10 ' in diame- 
ter. But if the Eye-Glafs be tindted faintly 
with the Smoak of a Lamp or Torch, to ob- 
fcure the Light of the Star, the fainter Light 
in the Circumference of the Star ceafes to be 
vifible, and the Star ( if the Glafs be fufficiently 
foiled with Smoak) appears fomething more 
like a mathematical Point, And for the fame 
Reafon, the enormous Part of the Light in the 
Circumference of every lucid Point ought to be 
lefs difcernible in (horter Tclefcopes than in lon- 
ger, becaufe the (horter tranfmit lefs Li^t to the 
.Eye. 

Now, that the fix'd Stars, by reafon of their 
immenfe Diftafice, appear like Points, unlefs fo 
far as their Light is dilated by Refradion, may 
appear from hence ; that when the Moon pafles 
over them and eclipfes them, their Light vaniihes, 
not gradually like that of the Plsinets, but all at 
once ', and in the end of the Eclipfe it returns 
into Sight all at once, or certainly in lefs time 
than the fecond of a Minute ; the Refradlion of 
the Moon's Atmofphere a little protracting the 
time in which the Light of the Star firft vaniflieg, 
and afterwards returns into Sight. 

Now, if we fuppofe the fenfible Image of a lu- 
cid Point, tQ be even 250 times narrower than 
the Aperture of the Glals ; yet this Image would 
be ftilj much greater than n it were only froni 
the fpherical Figure of the Glafs. For were 
it not for the different Refi'angibility of the 

Rays, 
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Rays, its breadth in an 100 Foot Telefcope 

whofc aperture is 4 Inches, would be but s^—^ 

parts of an Inch, as is manifeft by the foregoing 
Computation. And therefore in this cafe the 
giieateft Errors arifing from the fpherical Figure 
of the Glafs, would be to the greateft fenfible 
Errors arifing from the different Refrangibility 

of the Rays as j^^ to ^ at moft, that is on- 
ly as i to 1200. And this fufficiently (hews that 
it is not the fpherical Figures of Glaflcs, but the 
difiercnt Refrangibility of the Rays which hin- 
ders the perfedlion of Telefcopes. 

There is another Argument by which it may 
appear that the different Refrangibility of Rays, 
is the true caufe of the imperfection of Tele- 
fcopes. For the Errors of the Rays arifing from 
the fpherical Figures of Objedt-glafles, are as the 
Cubes of the Apertures ot the Objedt Glafles ; 
and thence to make Telefcopes of various 
Lengths magnify with equal diftindtnefs , the 
Apertures of the Obje<a-glafles, and the Charges 
or mj^nifying Powers ought to be as the 
Cub^ of the fquare Roots of their lengths; 
which doth not anfwer to Experience. But 
the Errors of the Rays arifing from the different 
Refrangibility, are as the Apertures of the Ob- 
j^-glaflesj and thence to make Telefcopes of 
various lengths, magnify with equal diftindtnefs;, 
their Apenures and Charges ought to be as the 
^uare Roots of their lengths ; and this anfwers 
to Experience, as is well known. For Inflance, 
.i Telefcope of 64 Feet in length, with an Aper*^ 

2 turc 
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ture of 2 1 Inches, magnifies about 120 times; 
with as much diilindtnefs as one of a Foot is 
length, with 1 of an Inch aperture, magnifies ij 
times. 

Now were it not for this different Refrangi- 
bility of Rays, Telefcopes might be brought u 
a greater perfedlion than^wc have yet defcrib'd 
by compofing the Objeit-glafs of two Glaffc 
with Water between them. Let A D F C [ in Fi^ 
28.] reprefent the Objedl-glafs compofed of xvn 
GlafTes ABED and BEFC, alike convex on th 
outfides AGD and CHF, and alike concav 
on the infides BME, BNE, with Water i 
the concavity BMEN. Let the Sine of Inci 
dence out or Glafs into Air be as I to R, an 
out of Water into Air, as K to R, and by cdr 
fequence out of Glafs into Water, as I to K 
and let the Diameter of the Sphere to which th 
convex fides AGD and CHF are ground I 
D, and the Diameter of the Sphere to whic 
the concave fides BME and BNE, are groun 
be to D, as the Cube Root of KK — KI to tl: 
Cube Root of RK — RI: and the Rcfradtidi 
on the concave fides of the GlafTes, will vet 
much correft the Errors of the Refra«ftions c 
the convex fides, fo far as tliey arife from tl 
fphericalnefs of the Figure. And by this meai 
might Telefcopes be brought to fufficient pci 
fedlion, were it not for the different Refrang 
bility of feveral forts of Rays. But by rcate 
of this difftrent Refrangibility, I do not yet fi 
any other means of improving Telefcopes I 
Refraftions alone, than that of increafing the 
lengths, for which* end the late Contrivance c 

Hugenl 
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Uuf^us feems well accommodated. For very 
long Tubes arc cumberfome, and fcarce to be 
readily managed, and by reafon. of their length 
are very apt to bend, and (hake by bending, fo 
as to caufe a continual trembling in the O'.jcdSy 
whereby it becomes difficult to fee them diftindl- 
ly: whereas by his Contrivance the Glaflcs arc 
readily manageable, and the Objedt-glafs being 
fix'd upon a Arong upright Pole becomes more 



SeeiQg therefore the Improvement of Tele- 
fcopes ra given lengths by Refraftions is defpe- 
rate; I contrived heretofore a Perfpedtive by 
Reflexion* ufing inilead of an Objedt-glafs a 
concave Metal. The diameter of the Sphere 
to which the Metal was ground concave was a^ 
bout 25 Englijh Inches, and by confequence 
the length of the Inftrument about fix Inches 
and a quarter. The Eye-glafs was Plano-con- 
wx, and the diameter of the Sphere to which 
the convex fide was ground was about r of an 
Inch, or a little lefs, and by confequence it 
magnified between 30 and 40 times. By ano- 
ther way of meafuring I found that it magnified 
about 35 times. The concave Metal bore an 
Aperture of an Inch and a third part; but the 
Aperture was limited not by an opake Circle, 
covering the Limb of the Metal round about, 
but by an opake Circle placed between the Eye- 
glals and the Eye, and perforated in the mid- 
dle with a little round hole for the Rays to pafs 
through to the Eye. For this Circle by being 
placed here, ftopp'd much of the errroncous 
Light, which othcrwife would have difturbed 

the 
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the Vifion. By comparing it with a pretty good 
Pcrfpedtive of four Feet in length, made with 
a concave Eye-glafs, I could read at a greater 
diftance with my own Inftrument than with the 
Glafs. Yet Objeds appeared much darker in 
it than in the Glafs, and that partlv becaufe 
more Light was loft by Reflexion in tne Metal, 
than by Refradtion in the Glafs, and partly be- 
caufe my Inftrument was overcharged. Had it 
magnified but 30 or ^5 times, it would have 
made the Objed appear more brisk and pleafant. 
Two o£ thefe I made about 16 Years aeo, and 
have one of them ftill by me, by which I can 
prove the truth of what I write. Yet it is not 
fo good as at the firft. For the concave has been 
divers times tarnifhed and cleared again, by rub- 
bing it with very foft Leather. When I made 
thefe an Artift in London undertook to imitate it 5 
but ufing another way of polifhing them than I 
did, he fell much fhort of what I had attained 
to, as I afterwards underftood by difcourfing 
the Underi-workman he had employed. The 
Polifli I ufed was in this manner. I had 
two round Copper Plates, each fix Inches in 
Diameter, the one convex, the other concave, 
ground very true to one another. On the con- 
vex I ground the Objedl-Metal or Concave 
which was to be poliih'd, 'till it had taken the 
Figure of the Convex and was ready for a 
Polifli. Then I pitched over the copvex very 
thinly, by dropping melted Pitch upon it, and 
warming it to keep the Pitch foft, whilft I 
ground it with the concave Copper wetted 
to make it fpread cavenly all over the convex. 

Thus 



B O O K I. 9g^ 

Thus by t^orking it well I made it as thin as a 
Groat, and after the convex was cold I ground 
it again to give it as true a Figure as I could. 
Then I took Putty which I had made very fine 
bywaihing it from all its grofler Particles, and 
laying a little of this upon the Pitch, T ground 
k upon the Pitch with the concave Copper, till 
^ it had done making a Noife; and then upon the 
' Pitch I ground the Objedr-Metal with a brisk 
motion, for about two or three Minutes of 
time, leaning hard upon it. Then I put frefh 
Putty upon the Pitch, and ground it again till it 
had done making a noife, and afterwards ground 
the Objeft-Metal upon it as before. And this 
Work I repeated till the Metal was polifhed, 
grinding it the laft time with all my ftrength 
for a good while together , and frequently 
breadiing upon the Pitch, to keep it moift with- 
out laying on any more frefh Putty. The Ob- 
jcd-Metal was two Inches broad, and about one 
third pan of an Inch thick, to keep it from 
bending. I had two of thefe Metals, and when 
I had polifhed them both, I tried which was 
heft, and ground the other again, to fee if I could 
niakc it better than that which I kept. And 
thus by many Trials I learn'd the way of po- 
liflring, till I made thofc two refledting Peripe- 
^ivcs I fpake of above. For this Art of po- 
liflung will be better learn'd by repeated Pra- 
fijpe than by my Defcription. Before I ground 
the Objefl-Metai on the Pitch, I always ground 
the Putty on it with the concave Copper, till it 
had done making a noife, becaufe it the Parti- 
cles of the Putty were not by this means made 

to 
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CO ftick faft in the Pitch, they would by rollin; 
up and down grate and fret the ObjeA-Metal an< 
fill it full of little holes. 

But becaufe Metal is more difficult to poli£ 
than Glafs, and is afterwards very apt to b 
fpoiled by tarnifking, and reflects not fo muc! 
Light as Glafs quick-filver'd over does: I woul 
propound to ufe inftead of the Metal, a Glai 
ground concave on the forefide, and as muc 
convex on the back-fide, and quick-filver*d c 
ver on the convex fide. The Glafs rouft be c 
very where of the fame thicknefs exadtiy. C 
therwife it will make Objedts look colour'd an 
indiftindt. By fuch a Glafs I tried about five c 
fix Years ago to make a refleding Telefcopc c 
four Feet in length to magnify about 150 time 
and I fatisfied my felf that there wants nothin 
but a good Anift to bring the Defign to pcrfi 
dlion. For the Glafs being wrought by one c 
our London Artifts after fuch a manner as the 
grind Glaffcs for Telefcopes, though it feemed s 
well wrought as the Objedt-gkffes ufe to be, y< 
when it was quick-filvcr'd^ the Reflexion di; 
covered innumerable Inequalities all over tl: 
Glafs. And by reafon of thefe Inequalities, Ot 
jedts appeared indifiiindt in this inftrument. Fc 
the Errors of reflefted Rays caufed by any In< 
quality of the Glafs, are about fix times great< 
than the Errors of refra^ed! Ray& caufed t 
the like Inequalities. Yet by this Experimci 
I fatisfied my felf that the Reflexion on tl 
concave fide of the Glafs, which I feared vkai] 
d^urb the Vifion, did no fenfible prejudice 1 
it^ and by conlequence that- nothing 4s vmnm 
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|o perfeft thefe Telefcopes, but good Workmen 
who can grind and poliih Glafles truly fpherical. 
M Obje^glafs of a fourteen Foot Telefcope, 
ipade by an Artificer at London^ I once mended 
<onfidcrably, by grinding it on Pitch with Put- 
tfy and leaning very eafily on it in the grinding, 
left the Putty (hould fcratch it. Whether this 
vav may not do well enoi^h for polifhing thefo 
u&tSdng Glafles, I have not yet tried. But he 
that (hau try either this or any other way of po- 
lifliiilg whicn he may think better^ may do well 
to odke his GlajGles ready for polifhing, by grinds 
ipg them without that Violence, wherewith our 
Londm Workmen prefs their GlafTes in grinding. 
For by fuch violent prefTure, GlafTes are apt to 
bmi a liitle in the grinding, and fuch bending 
will certainly fpoil their Figure. To rccom- 
BWid therefore the confideration of thefe refledt- 
ii% Glafles to fuch Artifls as are curious in ii« 
guring GlafTes, I fhall defcribe this optical Inflru* 
oaoit in the following Propofition. 



PROP. Vm. Prob. il 
Tojherten Tele/copes. 

LBT ABDC [in Fig. 29.] reprefent a Glafs 
fpherically concave on the forefide AB, and 
^ much convex on the backfide CD, fo that 
it be every where of an equal thicknefs. Let it 
W>t be thicker on one fide than on the othcr^ 
kfl it make Obie^ appear coloured and indir 

flina. 
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ftindl, and let it be very truly wrought and 
quick-filver'd over on the backfide; and fet. in 
die Tube VXYZ which muft be very black 
within. Let EFG reprefent a Prifm of Glafi 
or Cryftal placed near the other end of the 
Tube, in the middle of it, by means of a han- 
dle; of Brafs or Iron FGK, to the end of whicli 
made flat it is cemeHted. Let this Prifm b< 
redangular at E, and let the other two Angle 
at F and G be accurately equal to each other 
and by confequence equal to half right 'ones 
and let the plane fides FE and GE be fquarc 
and by confequence the third fide FG a re£tan 
gular Parallelogram , whofe length is to -it 
breadth in a fubduplicate proportion of two n 
one. Let it be fo placed in the Tube, tha 
the Axis of the Speculum may pafs through th 
middle of the fquare fide EF perpcndicularl; 
and by confequence through the middle of th 
fide FG at an Angle of 45 Degrees, and let th 
fide EF be turned towards the Speculum, un( 
the diftance of this Prifm from the Speculun 
be fuch that the Rays of the Light PQ, RS, &i 
which are incident upon the Speculum in Line 
parallel to the Axis thereof, may enter the Prift 
at the fide EF, and be refledted by the fid 
FG, and thence go out of it through the fid 
GE, to the point T, which muft be the com 
mon Focus of the Speculum ABDC, and of 
Plano-convex Eyc-glafs H, through which thol 
Rays muft pafs to the Eye. And let the Rays i 
their coming out of the Glafs pafs throug 
a fmall round hole,' or aperture made in a lit 
tic plate of Lead, Brafe, or Silver, wherewit 

tl: 
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thcGlafs is to be covered, which hole muft be 
no bigger than is neceffary for Light enough to 
pafs though. For fo it will render the Objeft 
diftinft, the Plate in which 'tis made intercept- 
ing all the erroneous part of the Light which 
comes from the verges of the Speculum AB. 
Such an Inftrument well made, if it be fix Foot 
loi^, (reckoning the length from the Speculum 
to the Prifm, and thence to the Focus T ) will 
bear an aperture of fix Inches at the Speculum, 
and magnify between two and three hundred 
tinics. But the hole H here limits the aperture 
widi more advantage, than if the aperture was 
placed at the Speculum. If the Inftrument be 
made longer or (horter, the aperture muft be in 
I^oponion as the Cube of the fquare-fquare Root 
of die length, and the magnifying as the aper- 
ture But it's convenient that the Speculum be 
an Inch or two broader than the aperture at the 
Icaft, and that the Glafs of the Speculum be 
thick, that it bend not in the working. The 
Prifin EFG muft be no bigger than is neceffary, 
and its back fide FG muft not be quick-filver'd 
over. For without quickfilvcr it will refledt all 
the Light incident on it from the Speculum. 

In this Inftrument the Objedt will be inverted, 
hut may be ereded by making the fquare fides 
FF and EG of the Prifin EFG not plane but 
Spherically convex, that the Rays may crofs as 
yell before they come at it as afterwards between 
it and the Eye-glafs. If it be defired that the 
Inftrument bear a larger aperture, that may be 
alfo done by compofing the Speculum of two 
Glaffcs with Water between them. 

H If 



p8 O P T I C K S. 

If the Theory of making Telefcopes could i 

length be fully brought into Pradtice, yet thcr 

would be certain Bounds beyond which Tele 

fcopes could not perform. For the Air throt^ 

which we look upon the Stars, is in a perpenn 

Tremor ; as may be feen by the tremulous Moti 

on of Shadows caft from high Towers, and b 

the twinkling of the fix'd Stars. But thefc Stii 

do not twinkle when viewed through TelefiMpc 

which have large apertures. For the Rays c 

Light which pafs through divers parts of th 

aperture, tremble each of them apart, and h 

means of their various and fometimes contrai 

Tremors, fall at one and the fame time upon dil 

ferent points in the bottom of the Eye, and the 

trembling Motions are too quick and confufedi 

be perceived feverally. And all thefc illuminati 

Pomts conftitute one broad lucid Point, con 

f)ofed of thofe many trembling Points confufo 
y and infenfibly mixed with one another by ve 
Ihort and fwift Tremors, and thereby caufe tl 
Scar to appear broader than it is, and witho 
any trembling of the whole. Long Telcfcop 
may caufe Objedts to appear brighter and larg 
than fliort ones can do, but they cannot be 
formed as to take away that confufion of t 
Rays wliich arifes from the Tremors of the A 
mofphere. The only Remedy is a moft fere 
and quiet Air, fuch as may perhaps be found 
the tops of the highcft Mountains above the gr< 
fer Clouds. 
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PART II. 



PROP. I. Theor. I. 

^banomena of Colours Jn refroEied or 
HeSied Light are not caufed by new 
Modifications of the Light varioujly im- 
efs'dy according to the various Termi- 
itions of the Light and Shadow, 

The Proof by Experiments. 

OR if the Sun (hine into a 

very dark Chamber through 

an oblong hole F, [in Fig. i.j 

whofe breadth is the fixui or 

1 part of an Inch, or fomething lefs } and 

Am FH do afterwards pafs firfl through a 

H a very 
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^'^l^ify' large Prifm ABQ diftam about 20 Fe 
from the hole, and parallel to it, and then ( wii 
its white part) through an oblong hole H, who 
breadth is about the fortieth or fixtieth parte 
an Inch, and which is made in a black opak 
Body GI, and placed at the diftance of two ( 
three Feet from the Prifm, in a parallel Situj 
tion both to the Prifm and to the former hol( 
and if this white Light thus tranfmitted throug 
the hole H, fall afterwards upon a white Papt 
pty placed -after that hole H, at the diftance c 
thtee or four Feet from it, and there paint th 
ufual Colours of the Prifm, fuppofe red at i 
yellow at j, green at r, blue at y, and viole 
at p ; you may with an Iron Wire, or any fuel 
like flender opake Body, whofe breadth is a 
bout the tenth part of an Inch, by intercepting 
the Rays at k^ /, my n or Oy take away any om 
of the Colours at /, j, r, q ox py whilft the othe 
Colours remain upon the Paper as before; o 
with an Obftacle fomething bigger you maj 
tak away any two, or three, or four Colour 
together, the reft remaining: So that any one 
of the Colours as well as violet may become 
outmoft in the Confine of the Shadow toward 
py and any one of them as well as red may be- 
come outmoft in the Confine of the Shadow to- 
wards ty and any one of therii may alfo bor- 
der upon the Shadow made within the Colours 
by the Obftacle R intercepting fome interme- 
diate part of the Light ; and, laftly, any one ol 
them by being left alone, may border upon the 
Shadow on either hand. All the Colours have 
thcmfclves indifferently to any Confines of Sha- 

I dow, 
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dow, and therefore the differences of thefc Co- 
lours from one another, do not arife from the 
different Confines of Shadow, whereby Light 
is varioufly modified, as has hitherto been the 
Opinion of Philofophers. In trying thefe things 
'tis 10 be obferved, that by how much the holes 
F and H are narrower, and the Intervals be- 
tween them and the Prifm greater, and the 
Chamber darker, by fo much the better doth the 
Experiment fucceed; provided the Light be 
not fo far diminished, but that the Colours at 
pt be fufficiently vifible. To procure a Prifm 
of folid Glafs large enough for this Experiment 
will be difficult, and therefore a prifmatick Vef- 
fel.muft be made of polilh'd Glafs Plates ce- 
mented together, and fUlcd with fait Water or 
dear Oil. 

Exper. 2. The Sun's Light let into a dark 
Qjamber through the rouncThole F, [in Fig. 2.] 
half an Inch wide, pafled firft through the Prifm 
ABC placed at the.liole, and then through a 
Lens PT fomething more than four Inches 
broad, and about eight Feet diftant from the 
PriOn, and thence converged to O the Focus 
rf the Lens diftant from it about three Feet, 
^nd there fell upon a white Paper DE. If that 
Paper was perpendicular to that Light incident 
^Pon it, as 'tis reprefented in the pofture DE, 
^11 the Colours upon it at O appeared white, 
^ut if the Paper oeing turned about an Axis 
parallel to the Prifm, became very much incH- 
^d to the Light, as 'tis reprefented in the Po- 
fitions t/^and S'tj the fame Light in the one 
cafe appeared yellow and red, in the other blue. 

H 3 • H'-re 
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Here one and the fame part of the Light in one 
and the fame place, according to the various In- 
clinations of the Paper, appeared in one cafe 
white, in another yellow or red, in a third blue, 
whilft the Confine of Light and Shadow, and 
the Refradtions of the PrUm in all thefe cafes 
remained the fame. 

Exper. 3. Such another Experiment may be 
more eafily tried as follows. Let a broad licam 
of the Sun's Lieht coming into a dark Cham- 
ber through a hole in the Window-fliut be re- 
fracted by a large Prifm ABC, [in Fig. 3.] 
whofe refrafting Angle C is more than 60 De- 
grees, and fo foon as it comes out of the Prifin, 
let it fall upon the white Paper DE glewcd up- 
on a ftiff Plane; and this Light, when the Ri- 
per is perpendicular to it, as 'tis reprefented iii 
DE, will appear perfectly white upon the Pa- 
per; but when the Paper is very much inclined 
to it in fuch a manner as to keep abvays paral- 
lel to the Axis of the Prifm, the whitencfs of 
the whole Light upon the Paper will according 
to the inclination of the Paper this way or that 
way, change either into vellow and red, as in 
the pofture de^ or into blue and violet, as iii 
the pofture (Tf. And if the Light before It fall 
upon the Paper be twice retraced the fame 
W^y by two parallel Prifms, thefe Colours will 
become the more confpicuous. Here all die 
middle parts of the broad beam of white L^ht 
which tell upon the Paper, did without any 
Confine of Shadow to modify it, become co- 
loured all over with one unitorm Colour, the 
Colour being always the fame in the middle of 

the 
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the Paper as at the edges, and this Colpur chan- 
ged according to the various Obliquity of the 
•efledling Paper, without any change in the Re- 
Fradtions or Shadow, or in tne Light which fell 
upon the Paper. And therefore thefe Colours 
ire to be derived from fome other Caufe than the 
new Modifications of Light by Refradions and 
Shadows. 

If it bealked, what then is their Caufe ? I 
aniwcr. That the Paper in the pofture de^ being 
more oblique to the more refrangible Rays tlxaji 
to the Icfs refrangible ones, is more ftrongly illu- 
minated by the latter than by the former, and 
Acrefore the lefs refrangible Rays are predonii- 
nant in the refleded Light, And where-ever 
they are predominant in any Light, they tinge it 
with red or yellow, as may in fome meafure ap- 
pear by the firft Propofition of the firft Part of 
this Book, and will more fully appear hereafter. 
And the contrary happens in the pofture of the 
Paper S'g, the more refrangible Rays being then 
predominant which always tinge Light with 
olues and violets. 

Exper 4. The Colours of Bubbles with which 
Children play are various, and change their Si- 
tuation varioufly, without any refpedl to any 
Confine or Shadow. If fuch a Bubble be co- 
vered with a concave Glafs, to keep it from be- 
ing agitated by any Wind or Motion of the Air, 
tne Colours will flowly and regularly change 
their Situation , even whilft the Eye and the 
Bubble, and all Bodies whicli emit any Light, 
or caft any Shadow, remain uYimoved. And 
therefore their Colours arife from fome regular 

H 4 Caufe 
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Caufe which depends not on any Confine of Sha- 
dow. What this Caufe is will be fhewed in the 
next Book. 

To thefe Experiments may be added the 
tenth Experiment of the firft Part of this firft 
Book, where the Sun's Light in a dark Room be- 
ing trajefted through the parallel Superficies, of 
two Prifms tied together in the form or a Paralle- 
lopipede, became totally of one uniform yellow 
or red Colour, at its emerging out of the Prifins. 
Here, in the production of thefe Colours, the 
Confine of Shadow can . have nothing to da 
For the Light changes from white to yellow, 
orange and red fucceffively, without any altc- 
. ration of the Confine of Shadow : And at both 
edges of the emerging Light where the con- 
trary Confines of Shadow ought to produce 
different Effedls, the Colour is one and the 
fame, whether it be white, yellow, orange or 
red : And in the middle of the emerging Light, 
where there is no Confine of Shadow at all, the 
Colour is the ver\^ fame as at the edges, th|e 
whole Light at its very firft Emergence being of 
one uniform Colour, whether white, yellow, 
orange or red, and going on thence perpetual- 
ly without any change of Colour, fuch as the 
Confine of Shadow is vulgarly fuppofed to work 
in refradled Light after its Emergence. Nei- 
ther can thefe Colours arife from any new Mo- 
difications of the Light by Refradlions,' becaufe 
they change fucceffively from white to yellow, 
orange and red, while the RefraSions remalii 
the fame, and alfo becaufe the Refraftions arc 
macjg contrary ways by parallel Superficies which 
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mc red entirely as at firft. The like Con- 
ancy and Immutability I found alfo in the blue, 
iCcn, and other Colours, So alfo, if I looked 
irough a Prifm upon any Body illuminated with 
ny Part of this homogeneal Light, as in the fpur- 
ecnth Experiment of the firft Part of this Book 
i defcribed ; I could not perceive any new Co- 
3ur generated this way. All Bodies illumina- 
cd with compound Light appear through Prifms 
t)nfufed, (as was iaid above) and tinged with 
'arious new Colours, but thofc illuminated witli 
Lomogeneal Light appeared through Prifms 
kdther lefs diftinft, nor otherwife coloured, 
ttiin when viewed with the naked Eyes, Their 
flours were not in the leaft changed by the 
Icftaftion of the intcrpofed Prifm. I fpeak 
icre of a fenfible Change of Colour : For the 
Ir^ht which I here call homogeneal^ being not 
ibfolutely homogeneal, there ought to arife 
bmc little Change of Colour from its Hetero- 
^eity. But, if that Heterogeneity was fo lit- 
is as it might be made by the faid Experimeuts 
)f the fourth Propofition, that Change was not 
bifible, and therefore in Experiments, where 
tenfe is Judge, ought to be accounted none 
tt all. 

Exfier. 6. And as thefe Colours were not 
diangeable by Refradtions, fo neither were they 
by Reflexions. For all white, grey, red, yel- 
low, green, blue, violet Bodies, as Paper, Afhci, 
ftd Lead, Orpiment, Indico, Bife, Gold, bil- 
ker. Copper, Grafs, blue Flowers, Violets, 
Biibbles of Water tinged with vaiious Colours, 
Peacock's Feathers, the Tincture of JJgvum 
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Nephriticumy and fuch-like, in red hon\ogeiied 
Light appeared totally red, in blue Light totally 
blue, in green Light totally green, and fo of other 
Colours. In the homogeneal Light of any Co- 
lour they all appeared totally of that fame Co- 
lour, with this only Difference, that fome of them 
refledled that Light more ftrongly, others more 
faintly. I never yet found any Body, which by 
refledling homogeneal Light could fenfibly change 
its Colour. 

From all which it is manifeft, that if the Sun's 
Light confifted of but oije fort of Rays, there 
would be but one Colour in the whole World, 
nor would it be poflible to produce any newCor 
lour by Reflexions and Refradlions, and by eonfe- 
ouence that the Variety of Colours depends upon 
the Copipbfition of Light. 

. D E F I N I r I O N. 

TH £ homogeneal Light and Rays^ which 
appqar red, or: rather make Obje<fls ap- 
pear fo, I call Rub^ifick or Red-making; thofc 
which make Objeds appear yellow, green, blue, 
and violet,, I call Yellow-naaking, Green-making, 
Blue-making, Violet-making, and fo of the x^ 
And if at any time I fpeak of Light and Rays 
as coloured or endued with Colours, I would 
be underftood ,to fpeak not philofophically and 
properly, but grofly, and accordingly to fuch 
Conceptiops as vylgar People in feeing all thefc 
Experiments would be apt to frame. For the 
Rays to fpeak properly are not coloured. In 
them there is nothing elfe than a certain Power 

and 
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ridt)ifpofition to ftir up aSenfation of this or that 
X>l6ur. For as Sound in a Bell or mufical String, 
r other founding Body, is nothing but a trem- 
ling Motion, and in the Air nothing but that 
Motion propagated from the Objedt, and in the 
Icnforium 'tis a Senfe of that Motion under the 
?orm of Sound ; fo Colours in the Objedt are no- 
ting but a Difpofition to refleft this or that fort 
af Rays more copioufly than tHb reft ; in the 
Blays they are nothing but their Difpofitions to 
propagate this or that Motion into the Senforium, 
and in the Senforium they are Senfations of thofe 
Motions under the Forms of Colours, 



PROP. III. Prob. I. 

To define the Refrangibility of the fever at 
forts of homogeneal Light anfwering to 
the feveral Colours. 

FOR determining this Problem I made the 
following Experiment. * 
Exper. 7. When I had caufed the Redilinear 
Sides AF, GM, [in Fig.^.^ of the Spedrum of 
Colours made by the Prifm to be diftindtly de- 
fined, as in the fifth Experiment of the firft Part 
of this Book is defcribed, there were found in it 
all the homogeneal Colours in the fame Order 
and Situation one among another as in the 
SpedlTum of fimple Light, defcribed in the 
fourth Propofition of that Part, For the Cir- 
cles of which the Spc6trum of compound Light 
• Set our Author'/ Lcft^ Optic, Part II. Se^, II. p. 239. 

PT 
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PT is compofed, and which in the middle Parti 
of the Spcdrum interfere, and are intermixed with ] 
one another, are not intermix'd in their outmoft I 
Parts where they touch thofe Redlilincar Sides 
AF and GM- And therefore, in thofe Rjedi- 
linear Sides when diftindtly de&ied, there is no 
new Colour generated by Refradtion. I obferved 
alfo, that if any where between the two outmoft 
Circles TMF and PGA a Right Line, as >^ 
was crofs to the Spedtrum, fo as both Ends to 
fall |terpendicularly upon its Re&ilinear Sides, 
there appeared one and the fame Colour, and de- 
gree or Colour from one End of this Line to 
the other, I delineated therefore in a Paoer 
the Perimeter of the Spedrum FAP GMT, 
and in trymg the third Experiment of the firft 
Part of this Book, I held the Paper fo that 
the SpeQirum* might fall upon this delineated 
Figure, and agree with it exactly, whilft an 
Affiftant, whofe Eyes for diftinguifhing Cdours j 
were more critical than mine, did 'by Right 
Lines a/S, y^^ t^, &c. drawn crofs tic Spe- 
ftrum, note the Confines of the Colours, tnlt 
is of the red M cc/S F, of the orange ayJ'A 
of the yellow ye^^y of the green gwO^, oftbc 
blue iii)c0, of uie indico iAyb6x, and of the vio- 
let aGA^ And this Operation being divert 
times repeated both in the fame, and in ievcral 
Papers, I found that the Obfervations agreed 
well enough with one another, and that the 
Reftilinear Sides MG and FA were by the iaid 
crofs Lines divided after the manner of a Mu&* 
cal Chord. Let GM be produced to X, Aat 
MX may be equal to GM, and conceive 
2 ^ ^GX, 
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3X, aX, iX, xX, iX, >X, aX, MX, to be 

Q proportion to one another, as the Numbers^ 
U ^ »> i» ^j f> ■** Ti ^^ ^o ^o rcprefcnt theChordg 
if die Key, and of a Tone, a third Minor, a 
GMinh, a fifth, a fixth Major, a ieventh and an 
qg^ above that Key : And the Intervals Mc, 
my^ yt, M, ni, lA, and aG, will be the Spaces 
niiich the feveral Colours ( red, orange, yel- 
low, gEcen, blue, indigo, violet) take up. 

Now theie Intervals or Spaces fubtending the 
Dtffereoces of the Refrad:ions of the Rays go- 
log to the Limits of thoie Colours, that is, to 
the Points M, a, y^ g, w, i, A, G, may writhout 
any ^enfible Error be accounted proportional 
to the Differences of the Sines of Refraction of 
dioie Ra3rs having one ccxnmon Sine of Inci* 
deoce, and therefore iince the conunon Sine of 
Incidence of the moft and leaft refrangible Rays 
OK of Glafs into Air was ( by a Method defcri- 
bed above) found in proportion to their Sines 
of Refiradtion, as 50 to 77 and 78, divide the 
Diffisrence between the Sines of Refra<Aion 77 
and 78, as the Line GM is divided by thole 
Intervals, and you will have 77, 77T, yj^^ 777, 
774, 77f , 77J, 78, the Sines of Refradion of thofe 
Rays out of Glafs into Air, their common Sine 
of Incidence being 50. So then the Sines of 
At Incidences of all the redr-maldng Rays out 
of Glafs into Air, were to the Sines of their Re- 
fiaAions, not greater than 50 to 77, nor lefe 
than 50 to 77+, but they varied from one ano- 
ther according to all intermediate Proportions. 
And the Sines of the Incidences of the green- 
making 
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making Rays were to the Sines of dieir Ad 
ons in all Proportions from that of 50 to 
unto that of 50 to "jj^. And by the like 1 
above-mcntibned were the Refra6tions o! 
Rays belonging to the reft of the Coloui 
fined, the Sines of the red-making Rays en 
ing from j'j to 771, thofe of the orange-m 
from 77f to j'jk^ thofe of the yellow-m 
from 771 to 77), thofe of the green-ra 
from 77} to 771, thofe of the blue-making 
77^ to 77|L, thofe of the indigo-making 
771 to 77I, and thofe of the violet from ; 

78. 

Thefe are the Laws of the Refraftiong 
out of Glafs into Air, and thence by the 
Axiom of the firft Part of this Book, the Lj 
the Refradlions made out of Air into Glafs % 
fily derived. 

Exper. 8. I found inoreover, that when 
goes out of Air through feveral contiguo 
fradting Mediums as through Water and 
and thence goes out again into Air, wl 
the refradting Superficies be parallel or in 
to one another, that Light as often as bj 
trary Refraftions 'tis fo corrected, that it 
geth in Lines parallel to thofe in which i 
incident, continues ever after to be white- 
if the emergent Rays be inclined to the 
dent, the Whitenefs of the emerging Ligt 
by degrees in paffing on from the Place of 1 
gence, become tinged in its Edges witl 
lours. This I try'd by refrafting Light 
Prifms of Glafs placed within a Prifmatici 
fel of Water. Now thofe Colours argue 
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verging and feparatioh of the heterogeneous Rays 
Sxm one anotner by means of their uneaual Re- 
indions, as in what follows will more niUy ap- 
pear. And, on the contrary, the permanent 
wluteneis argues, that in like Incidences of the 
Rays there is no fuch feparation of the emerging 
Rays, and by confequence no inequality of their 
^mAt Refractions. Whence I feem to gather 
the two following Theorems. 

1. The Exceflcs of the Sines of Refraftion of 
feveral forts of Rays above their conunon Sine of 
Incidence when the Refradlions are made out of 
divers denfer Mediums immediately into one and 
die &me rarer Medium, fuppofe of Air, are to 
Qot another in a given Proportion. 

2. The Proportion of the Sine of Incidence 
to the Sine of Refradion of one and the fame 
|ort of Rays out of one Medium into another, 
tt compofed of the Proportion of the Sine of 
Incidence to the Sine of Refradion out of the 
firil Medium into any third Medium, and of the 
Proportion of the Sine of Incidence to the Sine 
of Refradtion out of that third Medium into the 
fax)nd Medium. 

By the firft Theorem the Refractions of the 
8 of every fort made out of any Medium in- 
to Air are known by having the Refradtion of 
the Rays of any one fort. . As for inJftance , if 
the Refra<^ons of the Rays of every fort out 
rf Rain-water into Air be defired, let the com- 
tnonSineof Incidence out of Glafs into Air be 
&»bdudtcd from the Sines of Refradlion, and 

I the 
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the Exccflcs will be 27, 27*, 271-, 271, 27^ 
27,, 27I, 28. Suppofe now that the Sine oi 
Incidence of the leaft refraneibk Rays be ta 
their Sine of Refradtion out ot Rain-water into 
Air as 3 to 4, and fay as i the difference of xhok 
Sines is to 3 the Sine of Incidence, fo is 27 the 
leaft of the Excefles above-mentioned to a fourth 
Number 8 1 ; and 8 1 will be the common Sine of 
Incidence out of Rain-water into Air, to whkh 
Sine if you add all the abovementioned Exceffis, 
you will have the defired Sines of the Refradions 
108, 108I, 108;, io8f, 108', 108;, 108; 
109. 

By the latter Theorem the Rdftadion out of 
one Medium into another is gathered as often 
as you have the Refradions out of them both uh 
to any third Medium. As if the Sine of Inci- 
dence of any Ray out of Glafs into Air be to i» 
Sine of Retradion, as 20 to 3 1, and the Sine of 
Incidence of the fame Ray out of Air into Wa- 
ter, be to its Sine of Reira&ion as 4 to 3; the 
Sine of Incidence of that Ray out of Glads into 
Water will be to its Sine of RefraAion as 20 to 3 1 
and 4 to 3 jointly, that is, as the Fadum of 20 
and 4 to the Fadhim of 3 1 and 3, or as 80 to 93* 

And thefc Theorems being admitted into Op- 
ticks, there would be fcope enough of hand- 
ling that Science voluminoufly after a new man- 
ner* 5 not only by teaching thofe things which 
tend to the perfeftion of Vifion, but alfo by 
determining mathematically all kinds of Phe- 
nomena of Colours which could be produced 

• Jj if dm SM 9Mr Author'/ Led. Optic. Part I. &^.III. ^ 
IW. and Part II. Sea. IL 

by 
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Btiom. For to do diis, there Is nothing 
lifitc than to find out the Separations of 
neous Rays, and their various Mixtures 
portions in every Mixture, By this way 
rig I invented almoft all the Phaenomcna 
1 in' thcfe Books, bcfide fome others lefs 
' to the Argument; and by the fuccefles 
ith in the Trials, I dare promile, that to 
) (hall argue truly, and then try all things 
)d Glaffes and fufficient Circumfpedtion, 
fted Event will not be wanting. But her 
> know what Colours will arife from any 
iix*d in any affigned Proportion. 

PROP. IV. Theor. III. 

may be produced by CompofitioH 
'b (hall belike to the Colours ofhofTUh^ 
m Light as to the Appearance of Co-^ 
^ but not as to the Immutability of 
ur and Conjlitution of Light. And 
\ Colours by how much they are more 
bounded by fo much are they lefs full 
intenfe^ and by too muchCompoftion 
may be diluted and weaken d till they 
\^ and the Mixture becomes white or 
u Inhere may be alfo Colours produced 
lofnpojitiony which are not fully like 
of the Colours of homogencal Light. 

L a Mixture of homogeneal red and yel- 

9f compounds an Orange, like in appea- 

I 2 ras\cc 
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rancc of Colour to that orange which 
feries of unmixed prifmatick Colours lies be 
them J but the Light of one orange is home 
as to Refrangibility, and that of the othei 
terogeneal, and the Colour of the one, if^ 
through a Prifm, remains unchanged, t 
the other is changed and refolvcd into its c 
nent Colours red and yellow. And after th 
manner other neighbouring homogeneal C 
may compound new Colours, like tl 
termediate homogeneal ones, as yellow and 
the Colour between them both, and after 
if blue be added, there will be made a 
the middle Colour of the three which en 
Compofition. For the yellow and blue or 
hand, if they are equal in quantity they dr 
intermediate green equally towards themfe 
Compofition, and fo keep it as it were in 
librio, that it verge not more to the yellow 
one hand, and to the blue on the other, 
their mix'd Aftions remain ftill a middle ( 
To this mix'd green there may be farther 
fome red and violet, and yet the green w 
prefently ceafe, but only grow lefs fiill ant 
and by increafing the red and violet, it wil 
more and more dilute, until by the prevail 
the added Colours it be overcome and turn 
whitenefs, or fome other Colour. So if 
Colour of any homogeneal Light, the Sun'j 
Light compofed of all forts of Rays be 
that Colour will not vanifli or change its S 
but be diluted, and by adding more anc 
white it will be dilutea more and more p< 
ally. Laftly, If red and violet be mingled 
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v^l<be generated according to their various Pro- 
portions various Purples, fuch as are not like in 
appearance to the Colour of any homogeneal 
Light, and of thefe Purples mix'd with yellow 
and blue may be made other new Colours. 



PROP.V. Theor. IV, 
Whitenefi and all grey Colours between 
white and blacky may be compounded of 
Colours^ and the whitenefs of the Suns 
Light is compounded of all the primary 
(flours mixd in a due Proportion. 

The Proof by Experiments. 
hcper. 9.T^ H E Sun fhining into a dark Cham- 

•*• ber through a little round hole in 
the Window-fhut , and his Light being there 
lefraded by a Prifm to caft his coloured Image 
PT [m Fig. 5.] upon the oppofite Wall : I held 
a white- Paper V to that Image in fuch manner 
that it might be illuminated by the colour'd 
Light refle<fted from thence, and yet not inter- 
cept any part of tliat Light in its paflage from 
the Prifm to the Spcdlrum. And I found that 
when the Paper was held nearer to any Colour 
than to the reft, it appeared of that Colour to 
which it approached neareft; but when it was 
equally or almoft equally diftant from all the 
Colours, fo that it might be equally illumina- 
ted by them all it appeared white. And in this 
laft fituationof the Paper, if fome Colours were 

I 3 inter- 
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intercepted, the Paper loft its white Colour, and 
appeared ot the Colour of the reft of the L^ 
which was not intercepted. *So then the Pa- 

{)cr was illuminated with Lights of various Co- 
ours, namely, red, yellow, green, blue and 
violet, and every part of the Light retained its 
proper Colour, until it was incident on the Pa- 
per, and became refledted thence to the Eye 5 
10 that if it had been either alone ( the reft of 
the Light being intercepted) or if it had a* 
bounded moft, and been predominant in the 
Light refledted from the Paper, it would have 
tinged the Paper with its own Colour j and yet 
being mixed with the reft of the Colours in a 
due proportion, it made the Paper look white, 
and therefore by a Compofition with the reft 
produced that Colour. The feveral parts of 
the coloured Light reflected from the Spedtniaii 
wliilft they are propagated from thence through 
the Air, do perpetually retain their proper Co- 
lours, becaufc wherever they fall upon the Eye$ 
of any Spedator, they make the feveral parts of 
the Spedtrum to appear under their proper Co* 
lours. They retain therefore their proper Co- 
lours when they fall upon the Paper V, and {0 
by the confufion and perfedt mixture of thofc 
Colours compound the whitenefs of the Light 
ri^fledlcd from thence. 

Exper. IP. Let that Spedlrum or folar Image 
PT [in Fig. 6.] fall now upon the Lens MN 
above four Inches broad, and about fix Feet di* 
ft^nt from the Prifm ABC and fo figured that 
it may caufe the coloured Light which divcr^-^ 
cth frpR) the Priiia to converge and meet agwn 

5 W 
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Lt its Focus G, about fix or eight Feet diftant 
torn die Lens, and there to fall f)erpendicularly 
jpon a white Paper DE. And if you move 
nis Paper to and fro, you will perceive that 
lear^ihe Lens, as at de^ the whole folar Image 
fuppofe at pt ) will appear upon it intenfely 
loured afto- the manner above-explained, and 
:hat by receding from the Lens thofe Colours 
MTill perpetually come towards one another, and 
sy mixine more and more dilute one another 
soncinualfy, until at length the Paper come to 
die Focus G, where by a perfect mixture they 
irill wholly vaniih and be converted into white- 
TK&j die whole Light appearing now upon the 
hifti like a little white Circle. And after^ 
murds by receding farther from the Lens, the 
lUys which before converged will now croft 
XK another in the Focus G» and diverge from 
iience, and thereby make the Colours to appear 
igain, but vec in a contrary order; fuppoie at 
►•,- where tnc red t is now* above which before 
irtt below, and the violet / is below which be- 
bre was above. 

Let us now ftop the Paper at the Focus G, 
vehere the Light appears totally white and cir- 
nilar, and let us conikkr its whitenefs. I fay, 
that this is compofed of the converging Colours. 
For if any of thofe Colours be intercepted at 
die Lens, the whitenefs will ceafe and degene- 
raie into that Colour which arifeth from the 
compofition of the other Colours which are not 
imercepted. And then if the intercepted Co- 
kurs be let pafs and fall upon that compound 
Colour, chey mix with it, and by dieir mixture 

1 4 reftore 
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ftore the whitencfs. So if the violet, blue and : 
green be intercepted, the remaining y«Uow, . 
orange and red will compound upon the Paper . 
an orange, and then if the intercepted Colourt 
be let pais, they will fall upon this compounded 
orange, and together with it decompound a 
white. So alfo if the red and violet be inter- • 
cepted, the remaining yellow, green and blue, . 
will compound a green upon the Paper, and 
then tlie red and violet being let pafs will fall.up- 
on this green, and together with ii decompound 
a white. And that in this Compofition of white 
the feveral Rays do not fuffer any Change in their 
colorific Qualities by ading upon one another, 
but are only mixed, and by amiyjcure.pf theic 
Colours produce whitQ,. naay farther appear, by 
thefe Arguments. 

If the Paper be placed beyond, the FocusG, 
fuppofe at ^^6, and then the red .Colour .at the 
Lens be alternately intercepted, aad let pafs 9^ 
gain, the violet Colour on the Paper will not fof- - 
ter any Change thereby, as it .ought to do if the 
feveral forts of Rays adled upon one another ia 
the Focus G, where they crofs. Neither will 
the red upon the Paper be changed by any alter- 
nate popping, and letting pafs. the violet whicb . 
croffcth it. 

And if the Paper be placed at the Focus G, 
and the white round Image at G b? viewed 
through the Prifm HIK, and bv the Refradlioa 
of that Prilm be tranflated to the place ri;, and 
there appear tinged with various Colours, name-, 
ly, the violet at v and red at r, and others, h^i 
tween, and then the red Colours at. the 1ad& 

be 
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be often ftopp'd and let pafs by turns, the red 
at r will accordingly difappcar, arid return as of- 
ten, but the violet at v will not thereby fuifer any 
Change. And fo by flopping and letting pafs 
alternately the blue at the Lens, the blue at v 
will accordingly difappear and return, y^ithout 
any Change nude in the red at r. The red there- 
fore depends on one fort of Rays, and the blue 
on another fort, which in the Focus G where 
they are commixM, do not adt on one another. 
And there is the fame Reafon of the other Co- 
lours. 

I confidered farther, that when the mofl re- 
frangible Rays Vpy and the leafl refrangible 
ones T^, are by converging inclined to one ano- 
ther, the Paper, if held very oblique to thofc 
Rays in the Focus G, might refleft one fort of 
than more copioufly than the other fort, and 
by that Means the refleded Light would be 
tinged in that Focus with the Colour of the pre- 
dominant Rays, provided thofe Rays feverally 
retained their Colours, or colorific Qualities in 
the Compofition of White made by them in that 
Focus. But if they did not retain them in that 
White, but became all of them feveraliy endued 
there with a Difpofition to flrikc the Scnfe vith 
the Perception of White, then they could never 
lofe their Whitenefs by fuch Reflexions. I in- 
clined therefore the Paper to the Rays very oblique- 
ly, as in the fccond Experiment of this fecond t^:»: t 
of the firfl Book, that the mofl refran^ib": 



:e t\avs 



iti^ht be more copioufly reflefted thiMi ihv rert, 
^nd the Whitenefs at Lenr^th chsn'/cd uiccenhvly 
UUo blue, indigo, and violet. Then J incliiicd it 

the 
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the contrary Way, that the leaft rtfrangibk Rays 
might be more copious in the reflciard Light than 
the rcftj and the Whiteocfs turned fucceSively to 
yellow, orange, and red 

Laflly, I made aninftrumenc XY in faihion 
of a Comb, whofc Teeth being in number fix- 
teen, were about an Inch and an half broad, and 
the Intervals of the Teeth about two Inches 
wide. Then by interpoiing fucceflively the 
Teeth of this Inftrumcnt near the Lens, I inter- 
(repted Part of the Colours by the interpo&d 
*rooth, whilft the reft of them went on throi:^h 
the Interval of the Teeth to the Paper DE» and 
there painted a round Solar Image. But the Pa- 
per I had firft placed fo, that the Image might 
appear white as often as the Comb vras taken 
away ; and then the Comb being as was faid in- 
terpofed, that Whitenefs by reafon of the inter* 
cepted Part of the Colours at the Lens did al- 
ways change into the Colour compounded of 
thofe Colours which were not intercepted, and 
that Colour was by the Motion of the Comb 
perpetually varied fo, that in the pafling of every 
Tooth over the Lens all thcfe Colours, red, yel- 
low, green, blue, and purple, did always fiio 
ceed one another. I caufed therefore all the 
Teeth to pafs fucceflively over the Lens, and 
when the Motion was flow, there appeared a 
^rpctual Succefiion of the Colours upon the 
Paper : But if I fo much accelerated the Mo- 
tion, that the Colours by reafon of their quick 
Succefiion could not be diftinguifhed from one 
another, the Appearance of the fingle Colours 
£eafed. There was no red^ no yellow, no 

green, 
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green, no blue, nor purple to be feen any lon- 
ger, but from a Confuiion of them all there a- 
Tofc one uniform white Colour. Of the Light 
which now by the Mixture of all the Colours ap- 
peared white, there was no Part really white. 
One Part was red, another yellow, a third green, 
a fourth blue, a fifth purple, and every Part re- 
tains its proper Colour till it ftrike the Senfo- 
rium. If the Impreilions follow one another 
(lowly, fo that they may be feverally perceived, 
there is made a diftind: Senfation of all the Co- 
lours one after another in a continual Succef- 
fion. But if the Impreilions follow one ano- 
ther fo quickly, that they cannot be feverally 
perceived, there ariieth out of them all one 
common Senfation, which is neither of this 
Colour alone nor of that alone, but hath it felf 
indifferently to 'em all, and this is a Senfation 
of Whitenefs. By the Qiiicknefs of the SucceA 
fions, the Impreilions of the feveral Colours are 
confounded in the Senforium, and out of that 
Confufion arifeth a mix'd Senfation. If a burn-^ 
ing Coal be nimbly moved round in a Circle 
with Gyrations continually repeated, the v^olc 
Circle will appear like Fire ; the reafon of which 
is, that the Senfation of the Coal in the feve- ^ 
nd Places of that Circle remains imprcfs'd oa 
the Senforium^ until the Coal return again to 
the fame Place. And fo in a quick Confecup^ 
tion of the Colours the Impreffion of every Co- 
lour remains in the Senforium, until a Revolu<- 
tion of ail the Colours be compleated, and that 
firft Colour return again. The Impreilions there- 
for^ of rU the fucc^fliYe Colours are at once in 



I 
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the Scnforium,' ftnd jointly ftir up a Scnfation of 
them all ; and fo it is manifeft by this Expd-i* 
ment, that the commix'd Impreffions of all the 
Colours do ftir up and beget a Senfation of white, 
that is, that Whitenefs is compounded of all the 
Colours. 

And if the Comb be now taken away, that all 
the Colours may at once pafs from the Lens to 
the Paper, and be there intermixed, and toge- 
ther refle<9:ed thence to the Spedtator's Eyes; their 
Impreilions on the Senforium being now more 
fubtilly and perfedly commixed there, ought 
much more to ftir up a Senfation of White- 
nefs. 

You may inftead of the Lens ufe two Prifins 
HIK and LMN, which by refrading the co- 
loured Light the. contrary Way to that of the 
firft Refraction, may make the diverging Rays 
converge and .meet again in <j, as you fee reprc- 
fented in the feyenth Figure. . For where they 
ineet and mix, they will compofe a white Light,, 
as when a Lens is ufed. 

Exper. II. Let the Sun's coloured Image P T 
[in Fig. 8.] fall upon the Wall of a dark Cham- 
ber, as in the third Experiment of the firft Book, 
and let the fame be viewed through a Prifm 
abc^ held parallel to thePrifm ABC, by whofe 
Refraftion that Image was made, and let it now 
appear lower than before, fuppofe in the JPIace 
S over-againft the red Colour T. And if you 
go near to the Image PT, the SpeiSrum S will 
appear oblong and coloured like the Image PT j 
but if you recede from it, the Colours of the 
Spectrum S .will be contraded more and more, 

and 
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and at length vanifh, that Spedbiim S becoming 
perfedly round and white ; and if you recede yet 
iarther, the Colours will emerge again, but in a 
contrary Order. Now that SpeftruHrS appears 
white m that Cafe, when the Rays-^ feveral 
forts which converge from thc( feyeral^farts of 
the Image PT, to the Prifm aht^ zt^ fo re- 
fracted unequally by it, that t in their Faflagc 
from the Prifm to the Eye they may diverge 
from one and the fame Point of the Spedlrum 
S, and fo fall afterwards upon one and the 
£uiie Point in the bottom of the Eye, and there 
be mingled. 

And farther, if the Comb be here made ufe of, 
by whofe Teeth the Colours at the Image PT 
may be fucceflively intercepted 5 the Sped&um S, 
^ WMn the Comb is moved (lowly, will be perpe- 
tually tinged with fucceflive Colours: But when 
by accelerating the Motion of the Comb, the 
- Succeffion of the Colours is fo quick that they 
cannot be feverally feen, that Spedkrum S, by a 
'' confufed and mix'd Senfation of them all, will 
' appear white. 

Exper. 12. The Sun fliining through a large 
Prifm ABC [in Fig. 9.] upon a Comb X Y, 
placed immediately behind the Prifm, his Light 
which pafTed through the Interftices of the 
Teeth fell upon a white Paper DE. The 
Breadths of the Teeth were equal to their In- 
terftices, and fevcn Teeth together with their 
Interftices took up an Inch in Breadth. Now, 
when the Paper was about two or three Inches 
• diftant from the Comb, the Light which paf- 
^ fed through its feveral Interftices painted * fo 

many 
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many Ranges of Colours, */, mn^ opy yr, &c. 
which were parallel to one another, and conti« 
guous, and without any Mixture of white. And 
thefe Ranges of Colours, if the Comb was moved 
continually up and down with a reciprocal Mo" 
tion, afcended and defcended in the Paper, and 
when the Motion of the Comb was fo quick, that 
the Colours could not be diftinguifhed from 
one another, the whole Paper by their Con- 
fufion and Mixture in the Senforium appeared 
white. 

Let the Comb now reft, and let the Paper 
be removed farther from the Prifm, and the fc- 
veral Rang^ of Colours will be dilated and 
expanded into one another more and more, and 
by mixii^ their Colours will dilute one ano^ 
ther, and at length, when the diflance of the 
Paper from the Comb is about a Foot, or a 
little more (iiippoie in the Place 2D 2£) they 
will fo far dilute one another, as to become 
white. 

With any Obftacle, let all the Light be non^ 
ftopp'd which pafies through any one Interval 
of the Teeth, fo that the Range of Colours which 
comes from thence may be taken away, and 
you will fee the Light of the reft of the Ranges 
to be expanded into the Place of the Range taken 
away, and there to be coloured. Let the in- 
tercepted Range pafs on as before, and its Co- 
lours Billing upon the Colours of the other 
Ranges, and mixing with them, will reftore the 
Whitenefs. 

Let the Paper 2D 2£ be now very much in* 
clined to the Rays^ fo that the nioft refiai^ible 

Rays 
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JRiys imy be more copioofly refkdkd than the 
x-«ily md the ^ite Colour ot the Paper through 
'^Yic Excefs of thofe Rays will be changed inter 
blue and violet. Let the Paper be as much in- 
"^lined the contrary way, that the kaft refran^ 
^^bk Rays may be now more copioufly refled:* 
^d than the reft, and by their Excefs the White- 
^nc& wiM be changed into yellow and red. The 
X<vcral Rays dicrefore in that white Light do 
detain their colorific Qualities, by which thofe 
^Df any fort, whenever they 'become more co- 
'y ious than the reft, do by their Excefs and Pre* 
^ommance caufe their proper Colour to ap- 
pear. 

And by the fame way^of arguing, applied to the 
third Experiment of this fecond rart of the firft 
Boc^ it may be concluded, that the white Colour 
of all refraded Light at its very firft Emergence^ 
where it appears as white as before its Incidence^ 
is craapounded of various Colours. 

Exper. 13. In the foregoing Experiment the 
ieveral Intervals of the Xeeth of tne Conib do 
ibt Office of fo many Prifms, every Interval pro- 
ducing the Phsenomenon of one Prifm. Whence 
inftead of thofe Intervals ufing feveral Prifms, 
I try'd to compound Whitenefs by mixing their 
Colours, and did it by ufing only three Prifms, 
as alfo by ufing only two as follows. Let two 
Prifms ABC and ahc^ [in Fig. 10.] whofe re^ 
framing Angles B and A are equal, be fo placed 
parallel to one another, that the refradling An- 
gle B of the one may touch the Angk c at the 
Bafc of the other, and their Planes CB and 
r^j at which the Rays emerge, may lie in Di- 

redlum. 
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redhim. Then let the Light trajeded dirougK 
them fall upon the Paper MN, diftant about 8 
or 12 Inches from the Prifms^ And the Co-^ 
lours generated by the interior Limits B znd c^ 
of the two Prifras, will be minded at P T, ancfl 
there compound white. For it either Prifin bc= 
jaken away, the Colours made by the other wilC 
appear in that Place P T, and when the Prifin^ 
is reftored to its Place again, fo that its Co- - 
lours may there fall upon the Colours of the - 
other, the Mixture of them both will reftore the - 
Whitenefs. 

This Experiment fucceeds alfo, as I have tried, 
when the Angle b of the lower Prifin, is a lit- 
tle greater than the Angle B of the upper, and 
between the interior Angles B arid c, there in- 
tercedes fome Space B r, as is reprefented in 
the Figure, and the refracting Planes BC and 
be, arc neither in Diredtum, nor parallel to one 
another. For there is nothing moct requifite 
to the Succefs of this Experiment, than that 
the Rays of all forts may be uniformly mixed 
upon the Paper in the Place P T. If the moft 
refrangible Rays coming from the fuperior 
Prifin take up all the Space fromM tor, the 
Rays of the fame fort which come from tlie in- 
ferior Prifm ought to begin at P, and take up 
all the reft of the Space from thence towards 
N. If the leaft refrangible Rays coming from 
the fuperior Prifm take up the Sp^ce MT, the 
Rays of the fame kind which come from die 
other Prifm ought to begin at T, and take up 
the remaining Space T N. If one fort of die 
Rays which have intermediate Degrees of Be- 

fnuigibility^ 
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frangibility, and come from the lu per lor Prifm 
be extended through the Space M (^ and ano- 
ther fort of thofe Rays through the Space M R, 
-and a rfiird fon of them through the Space MS, 
the fame forts of Rays coming from the lower 
Prifm, ought to illuminate the remaining Spaces 
QN, R N, S N, refpedively. And the fame is 
to be underftood of all the other forts of Rays. 
For rfius the Rays of every fort will be fcattered 
uniformly and evenly through the whole Space 
MN, and fo being every where mix'd in the fame 
Proportion, they muft every where produce the 
fame Colour. And therefore, fince by this Mix- 
ture they produce white in the Exterior Spaces 
MP and TN, they muft alfo produce white 
in the Interior Space PT. This is the reafon 
of the Compofition by which Whitenefs was pro- 
duced in this Experiment, and by what other 
way foever I made the like Compofition, the Re- 
fult was Whitenefs. . 

Laftly, If with the Teeth of a Comb of a due 
Size, the coloured Lights of the two Prifms 
which fall upon the Space PT be alternately in- 
tercepted, that Space PT, when the Motion of 
the Comb is flow, will always appear coloured, 
but by accelerating the Motion of the Comb fo 
much that the fucceffive Colours cannot be 
diftinguifhed from one another, it will appear 
white. 

Exper. 14. Hitherto I have produced White- 
nefs by mixing the Colours of Prifms. If now 
the Colours of natural Bodies are to be min- 
gled, let Water a little thicken'd with Soap be 
agitated to raife a Froth, and after that Froth 

K has 
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has ftood a little, there will appear to one that 
fhall view it intently various Colours every where 
in the Surfaces of the feveral Bubbles; but to 
one that (hall go fo far off, that he cannot diftin- 
guifli the Colours from one another, the whole 
Froth will grow white with a perfedt White- 
nefs. 

Exper. 15. Laftly, In attempting to compound 
a white, by mixing the coloured Powders which 
Painters ufe, I conlider'd that all coloured Pow- 
ders do fupprefs and flop in them a very confi- 
dcrable Part of the Light by which they are illu- 
minated. For they become coloured by refleft- 
ing the Light of their Own Colours more co- 
pioufly, and that of all other Colours more fpa- 
ringly, and yet they do not refle<3; the Light of 
their own Colours fo copioufly as white Bodies 
do. If red Lead, for inftance, and a white Pa- 
per, be placed in the red Light of the coloured 
Spectrum made in a dark Chamber by the Rc- 
fradlion of a Prifm, as is defcribed in the third 
Experiment of the firft Part of this Book 5 the Pa- 
per will appear more lucid than the red Lead, 
and therefore refledts the red-making Rays more 
copioufly than red Lead doth. And if they be 
held in the Light of any other Colour, the 
Lright refleifted by the Paper will exceed the 
Light reflefted by the red Lead in " a much 
greater Proportion. And the like happens in 
Powders of other Colours. And therefore by 
mixing fuch Powders, we are not to expe£t a 
llrong and full White, fuch as is that of Pa- 
per, but fome dusky obfcure one, fuch as might 
.arife from a Mixture of Light and Darkneis, 

I or 
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or frctti white and black, that is, a grey, or 
dun, or ruflet brown, fuch as are the Colours 
of a Man's Nail, of a Moufe, of Afhes, of or- 
dinary Stones^ of Mortar, of Duft and Dirt in 
High-ways, and the like. And fuch a dark white 
I have often produced by mixing coloured Pow- ^ 
ders. For thus one Part of red Lead, and five ' 
Parts of Viride /Eris^ compofed a dun Colour 
like that of a Moufe. For thefe two Colours 
were feverally fo compounded of others, that 
in both together were a Mixture of all Co- 
lours; and there was lefs red Lead ufed than 
Viride Mris^ becaufe of the Fulnefs of its Co- 
lour. Again, one Part of red Lead, and four 
Parts of blue Bife, compofed a dun Colour 
verging a little to purple, and by adding to 
this a certain Mixture of Orpiment and Viride 
Mris in a due Proportion, the Mixture loft it$ 
purple Tindlure, and became perfectly dun. 
But the Experiment fucceeded bcft without Mi- 
nium thus. To Orpiment I added by little 
and little a certain hill bright purple, which 
Painters ufe, until the Orpiment ceafed to be 
yellow, and became of a pale reel. Then I di- 
luted that red by adding a little Viride MriSy 
and a little more blue Bife than Viride Mris^ un- 
til it became of fuch a grey or pale white, as 
verged to no one of the Colours more than to 
another. For thus it became of a Colour equal 
in Whitenefs to that of Afhes, or of Wood newly 
cut, or of a Man's Skin. The Orpiment re- 
flected more Light than did any other of the 
Powders, and therefore conduced more to the 
Whitenefs of the compounded Colour than they. 

K 2 To 
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To affign the Proportions accurately may be diffi- 
cult, by reafon of the different Goodnefs of Pow- 
ders of the fame kind. Accordingly, as the Co- 
lour of any Powder is more or lefs full and lumi- 
nous, it ought to be ufed in a lefs or greater Pro- 
. portion. 

Now, confidering that thefe grey and dun Co- 
lours may be alfo produced by mixing Whites 
and Blacks, and by confequence differ from 
perfedt Whites,, not in Species of Colours, but 
only in degree of Luminoufnefs, it is manifeft that 
there is nothing more requifite to make them 
J)erfedly white than to increafe their Light fuffici- 
cntly ; and, on the contrary, if by increafing 
their Light they can be brought to perfeft White- 
nefs, it will thence alfo follow, that they are of 
the fame Species of Colour with the beft Whites^ 
and differ from them only in the Quantity of 
Light. And this I tried as follows. I took the 
third of the above-mention'd grey Mixtures, ( that 
which was compounded of Orpiment, Purple, 
Bife, and Viride Mris ) and rubbed it thickly 
upon the Floor of my Chamber, where the Sun 
fhone upon it through the opened Cafement ; 
and by it, in the fhadow, I laid a Piece of white 
Paper of the fame Bignefs. Then going from 
them to the diftance of 12 or 18 Feet, fo that 
I could not difcern the Unevennefs of the Sur- 
face of the Powder, nor the little Shadows let 
fall from the gritty Particles thereof 5 the Pow- 
der appeared intenfely white, fo as to tranfcend 
even the Paper it felf in Whitenefs, efpecially 
if the Paper were a little {haded from the Light 
of the Clouds, and then the Paper compared 
5 with 
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with the Powder appeared of fuch a grey Colour 
as the Powder had done before. But by laying 
the Paper where the Sun (hines through the 
Glafs of the Window, or by (hutting the Win- 
dow that the Sun might {hine through the Glafs 
upon the Powder, and by fiich other fit Means of 
incrcafing or decreafing the Lights wherewith the 
Powder and Paper were illuminated, the Light 
wherewith the Powder is illuminated may be 
made ftronger in fuch a due Proportion than 
the Light wherewith the Paper is illuminated, 
that they fhall both appear exadly alike in 
Whitenefs. For when I was trying this, a Friend 
coming to vifit me, I ftopp'd him at the Door, 
and before I told him what the Colours vy^ejfc, or 
what I was doing ; I asked him, Which of the 
two Whites were the beft, and wherein they dif- 
fered ? And after he had at that diftance viewed 
them well, he anfwer'd, that they were both good 
Whites, and that he could not fay which was 
beft, nor wherein their Colours differed. Now, 
if you confider, that this White of the Pov/der 
in the Sun-ihine was compounded of the Co- 
lours which the component Powders ( Orpi- 
mcnt. Purple, Bife, and Viride Mris) have in 
the fame Sun-ftiine, you muft acknowledge by 
this Experiment, as well as by the former, that 
perfedt Whitenefs may be conipounded of Co- 
lours. 

From what has been faid it is alfo evident, 
that the Whitenefs of the Sun's Light is com- 
pounded of all the Colours wherewith the feve- 
ral forts of Rays whereof that Light confifts, 
when by their fevcral Rcfrangibilities they are 
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feparated from one another, do tinge Paper or any 
other white Body whereon they fall. For thofe 
Colours {by Prc^.ll. Part 2.) are unchangeable, 
and whenever all thofe Rays with thofe their Co- 
lours are mix'd again, they reproduce the fame 
white Light as before. 



PROP. VL Prob.il 

In a mixture of Primary Colours^ the 
iluantity and ^ality of each being 
given^ to know theColour of the Compound. 

T 71 7ITH the Center O [inF/f. u.] and 
Y V Radius O D defcribe a Circle AD F, and 
diliinguifli its Circumference into feven Parts 
DE, EF, FG, GA, AB, BC, CD, propor- 
tional to the feven Mufical Tones or Intervals 
of the eight Sounds, Soly la^ fa^ folj /^, tnty fa^ 
Joly contained in an eight, that is^ proportional 
to the Number \y 15, w, I, «, 15 > v Let. the firft 
Part DE reprefent a red Colour, the fecond EF 
orange, the third FG yellow, the fourth CA 
green, the fifth AB blue, the fixth BC indigo^ 
and the feventh C D violet. And conceive that 
thefe are all the Colours of uncompounded Lights 
gradually paffing into one another, as they do 
when made by Prifms j the Circumference 
DEFGABCDj^ reprefenting the whole Series 
of Colours from one end of the $un's coloured 
Image to the other, fq that from D to E be 
all degrees of red, at E the. mean Colour be- 
tween re4 and orange, from E to F all d^ 

§re«i 
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grees of orange, at F the mean between orange 
and yellow, from F to G all degrees of yellow, 
,and fo on. Let p be the Center of Gravity 
of the Arch D E, and y, r, j, /, Uy x^ the Cen- 
ters of Gravity of the Arches EF, FG, GA, 
AB, BC, and CD refpedively, and about 
thofe Centers of Gravity let Circles proportio- 
nal to the Number of Rays of each Colour in 
the given Mixture be defcrib'd ; that is, the 
Circle t proportional to the Number of the 
red-niaxing Rays in the Mixture, the Circle q 
proportional to the Number of the orange-ma- 
king Rays in the Mixture, and fo of the reft. 
Find the common Center of Gravity of all thofe 
Circles /, y, r, j, ^, Uy x. Let that Center be 
2; and from the Center of the Circle ADF, 
through Z to the Circumference, drawing the 
Right Line O Y, the Place of the Point Y in the 
Circumference fliall fhew the Colour arifing from 
the Compofition of all the Colours in the given 
Mixmre, and the Line OZ fliall be propor- 
tional to the Fulnefs or Intenfenefs of the 
Colour, that is, to its diftance from Whitenefs. 
As if Y fall in the middle between F and G, 
the compounded Colour ihall be the beft yel- 
low ; if Y verge from the middle towards F 
or G, the compound Colour fliall accordingly 
be a yellow, verging towards orange or green. 
If Z fall upon the Circumference, the Colour 
fliall be int;enfe and florid in the higheft Degree ; 
if it fall in the mid-way between the Circum- 
ference and Center, it fliall be but half fo 
intenfe, that is, it fliall be fuch a Colour as 
vrould be made by diluting the intenfeft yellow 
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with an equal quantity of whitencfs; and if ir' 
fall upon the center O, the Colour fhall have loft 
all its intenfenefs, and become a white. But ic 
is to be noted, That if the point Z fall in or 
near the line OD, the nciain ingredients being 
the red and violet, the Colour compounded 
fhall not be any of the prifmatick Colours, but 
a purple, inclining to red or violet, according- 
ly as the point Z lieth on the fide of the line 
DO towards E or towards C, and in general 
the compounded violet is more bright and more 
fiery than the uncompounded. Alfo.if only two 
of the primary Colours which in the circle arc 
oppofite to one another be mixed in an equal 
proportion, the point Z fhall fall upon the cen- 
ter O, and yet the Colour compounded of thofe 
tvo fliall not be perfedly white, but fomc 
faint anonymous Colour. For I could never 
yet by mixing only two primary Colours pro- 
duce a perfect white. Whether it may be com- 
pounded of a mixture of three taken at equal 
diflances in the circumference I do not know» 
but of four or five I do not much queflion but 
it may. But thefe are Curiofities of little or no 
moment to the underflanding the PhaEnomena 
of Nature. For in all whites produced by Na-, 
ture, there ufes to be a mixture of all forts of 
Rays, and by confequence a compofition of all 
Colours. 

To give an inflance of this Rule; fuppofe a 
Colour is compounded of thefe honwgeneal 
Colours, of violet one part, of indigo one part, 
of blue two parts, of green three parts^ of yel- 
low five parts, of orange fix parts, aaid of red 

ten 



B O O K I. 137 

ten parts. Proportional to thcfc parts defcribe 
the Circles x, v, /, 5, r, y, py refpedivdy, that is, 
Co that if the Circle x be one, the Circle v may 
be one, the Circle t two, the Circle s three, and 
rhc Circles r, y and^, five, fix and ten. Then I 
find Z the coflomon center of gravity of thefe 
Circles, and through Z drawing the Line OY, 
the Point Y falk upon the circumference between 
E and F, fomething nearer to E than to F, and 
:bence I conclude, that the Colour compounded 
Df thefe Ingredients will be an orange, verging a 
little more to red than to yellow. Alfo I find 
that OZ is a little lefs than one half of OY, arkd 
thence I conclude, that this orange hath a little 
lefs than half the fiilnefs or intenfeneis of an un^. 
compounded orangey that is to fay, that it is 
fuch an orange as may be made by mixii^ an ho- 
cnogeneal orange witn a good white in the pro- 
portion of the Line OZ to the Line ZY, this 
Proportion being not of the quantities of mixed 
>range and white Powders, but of the quantities 
jf tne Lights refledted from them. 

This Rule I conceive accurate enough for pra- 
%ice, though not mathematically accurate ; and 
he truth of it may be fiifficicntly proved to Senfc, 
>y flopping any of the Colours at the Lens in th^ 
:enth Experiment of this Book. For the reft of 
:he Colours which are not ftopp'd, but pafs on tq 
:hc Focus of the Lens, will there compound 
:ither accurately or very nearly fuch a Colour, as 
yy this Rule ought to refult fi-om their Mixture. 

» 
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PROP. VII. Theor. V- 

All the Colours in the Univerfe which are 
made by Lights and depend not on the 
Power of Imagination^ are either the 
Colours of homogeneal Lights^ or com- 
pounded of thefey and that either accu- 
rately or very nearly^ according to the 
Rule of the foregoing Problem. 

FOR it has been proved (in Prop. i. Part 2.) 
that the changes of Colours made by Refra- 
ctions do not arife from any new Modifications of 
the Rays imprefs'd by thofe Refi^ftions, and by 
the various Terminations of Light and Shadow, 
as has been the conftant and general Opinion of 
Philofophers. It has alfo been proved that the 
feveral Colours of the homogeneal Rays do con- 
ftantly anfwer to their degrees of Refrangibility^ 
{Prop. I. Part i. and Pre?/. 2. Parti.) and that 
their degrees of Refrangibility cannot be changed 
by Refraftions and Reflexions {Prop. 2. Part i.) 
and by confequence that thofe their Colours 
are likewife immutable. It has alfo been pro- 
ved diredHy by refradting and reflecting homo- 
geneal Lights apart, that their Colours cannot be 
changed, {Prop. 2. Part 2.) It has been proved 
alfo, that when the feveral forts of Rays are niix- 
cd, and in croffing pafs through the fame fpace, 
they do not adt on one another fo as to change 
each others colorific qualities. ( Exper. 10. Parti.) 
}put by mixing their Adions b the Senforium be- 
get 
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get a Senfation differing from what either would 
do apart, that is a Senfation of a mean Colour 
between their proper Colours ; and particularly 
when by the concourfe and mixtures of all forts 
of Rays, a white Colour is produced, the white 
is a mixture of all the Colours which the Rays 
would have apart, {Prop. 5. Part 2.) The Rays 
in that mixture do not lofe or alter their feveral 
colorific qualities, but by all their various kinds 
of Adions mix*d in the Senforium, beget a Sen- 
fation of a middling Colour between all their Co- 
lours, which is whitenefs. For whitenefs is a 
mean between all Colours, having it felf indiffe- 
rently to them all, fo as with equal facility to be 
tinged with any of them. A red Powder mixed 
with a little blue, or a blue with a little red, doth 
n©t prefently lofe its Colour, but a white Powder 
mix'd with any Colour is prefently tinged with 
that Colour, and is equally capable of being 
tinged with any Colour whatever. It has been 
/hewed alfo, that as the Sun's Light is mix'd of 
all forts of Rays, fo its whitenefs is a mixture of 
the Colours of all forts of Rays ; thofe Rays ha- 
ying from the beginning their feveral colorific 
qualities as well as their feveral Refrangibilities,' 
^d retaining them perpetually unchanged not- 
withflanding any Refractions or Reflexions they 
may at any time fuffer, and that whenever any 
fort of the Sun's Rays is by any means (as by 
Reflexion in Exper. 9. and ^lo. Part i. or by 
Refraiftion as happens in all Refradtions) fcpara- 
ted from the reft, they then manifeft their proper 
Colours. Thefe things have been prov a, and 
;he fum of all Uiis amounts to the Propofition 
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here to be proved. For if the Sun's Light is 
mix'd of feveral forts of Rays, each of which 
have originally their feveral Refraneibilities and 
colorific Qualities, and notwithftanding their Re- 
fradtions aiKl Reflexions, and their varioua Sepa- 
rations or Mixtures, keep thofe their original 
Properties perpetually the fame without alterati- 
on ; then all the Colours in the World muft be 
fuch as conftantly ought to arife from the origi- 
nal colorific qualities of the Rays whereof the 
Lights confift by which thofe Colours are feen. 
And therefore if the reafon of any Colour what- 
ever be requited, we have nothing elfe to do than 
to confider how the Rays in the Sun*s Light have 
by Reflexions or Refraftions, or other caufes, been 
parted from one another, or mixed together 5 or 
otherwfe to find out what forts of Rays are in the 
Light by which that Colour is made, and in what 
Proportion ; and then by the laft Problem to 
learn the Colour which ought to arife by mixing 
thofe Rays (or their Colours) in that proportion. 
I fpeak here of Colours fo far as they arife from 
Light. For they appear fometimes by other Cau- 
fes, as when by the power of Phahtafy we fee Co- 
lours in a Dream, or a Mad-man fees things bo- 
fore him which are not there; or when we fee 
Fire by ftriking the Eye, or fee Colours like the 
Eye of a Peacock's Feather, by preflSng our Eyes 
in either corner whilft we look the other way. 
Where thefc and fuch like Caufes interpofe not, 
the Colour always anfwers to the fort or forta 
of the Rays whereof the Light confifts, as I 
have conftantly found in whatever Phaenomena of 
Colours I have hitherto been able to examine. 

I fhall 
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fhall in the following Propofitions give inftan- 
5S of this in the Phaenomena of chiefeft note. 



PROP. VIIL Prob. III. 

]y the difcovered Properties of Light to 
explain the Colours made by Prtjms. 

LET ABC [in Fig. 12.] reprefent a Prifm 
refradting the Light of the Sun, which 
3mes into a dark Chamber through a hole F ^ 
imoft as broad as the Prifm, and let MN re- 
refent a white Paper on which the refraded 
ight is caft, and luppofe the moft refrangible 
• deepeft violet-making Rays fall upon the 
pace Ptt, the leaft refrangible or deepeft red- 
aking Rays upon the Space T7, the middle 
n between the indigo-making and blue-ma- 
ng Rays upon the Space Qv, the middle fore 
' the green-makir^ Rays upon the Space Rp, 
ic middle fort between the yellow-making and 
ange-making Rays upon the Space S o-, and o- 
ler intermediate forts upon intermediate Spa- 
s. For fo the Spaces upon which the feveral 
rts adequately fall will by reafon of )the diffe- 
nt Refrangibility of thofe forts be one lower 
an another. Now if the Paper MN te fo 
ar the Prifm that the Spaces PT and ^7 do 
>t interfere with one another, the diftance be- 
reen them Tt will be illuminated by all the 
rts of Rays in that proportion to one another 
bich they have at tneir very firft coming out 

of 




of the Prifm, and confcquently be white. But 
the Spaces PT and^rl on either hand, will not i 
be illuminated by them all, and therefore will 
appear coloured. And particularly at P, where 
the outmoft violet-making Rays fall alone, the 
Colour muft be the deepeft violet. At Qjwhcrc 
the violet-making and indigo-making Rays arc 
mixed, it muft be a violet inclining much to 
indigo. At R where the violet-makings indigo- 
making , blue-making, and one half of the 
green-making Rays are mixed , their Colours 
muft (by the conftruftion of die fecond Pro- 
blem ) compound a middle Colour between in- 
digo and blue. At S where all the Rays arc ! 
mixed, except the red-making and orange-ma- 
king, their Colours ought by the fame Rule to 
compound a faint blue, verging more to gfeen 
than indigo. And in the progrefs from S to T, 
this blue will grow more and more faint and 
dilute, till at T, where all the Colours begin to 
be mixed, it ends in whitenefs. 

So again, on the other fide of the white at f, 
where the leaft refrangible or utmoft red-ma- 
king Rays are alone, the Colour muft be the 
deepeft red. At a the mixture of red and o- 
range will compound a red inclining to orange. 
At e the mixture of red, orange, yellow, and 
one half of the green muft compound a niiddle 
Colour between orange and yellow. At v the 
mkture of all Colours but violet and indigo will 
compound a faint yellow, verging more to green 
than to orange. And this yellow will grow 
more faint abd dilute continually in its progrefs 

from. 
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roiri )^ to TT, where by a mixture of all forts of 
lays it will become white. 

Thefe Colours ought to appear were the Suq's 
^^ht perfectly white: But becaufe it inclines to 
rcUow, the Excefs of the yellow-making Rays 
thereby 'tis tinged with that Colour, being 
nixed with the faint blue between S and T, will 
Iraw it to a faiht green. And fo the Colours iix 
)rder from P to r ought to be violet, indigo, 
3lue, very faint green, white, faint yellow, o- 
range, red. Thus it is by the computation : And 
dicy that pleafe to view the Colours made by a 
Prifm will find it fo in Nature. 

Thefe are the Colours on both fides the white 
when the Paper is held between the Prifm and 
the Point X where the Colours meet, and the 
interjacent white vanifhes. For if the Paper be 
held ftill farther off from the Prifm, the moft 
refrangible and leaft refrangible Rays will be 
wanting in the middle of the Light, and the reft 
of the Rays which are found there, will by mix- 
ture produce a fuller green than before. Alfo 
the yellow and blue will now become lefs com- 
pounded, and by confequence more intenfe than 
before. And this alfo agrees with experience. 

And if one look through a Prifm upon a 
white Objedt encompaflfed with blacknefs or 
darknefs, the reafon of the Colours arifing oil 
the edges is much the iam^^, as will appear to 
one that fhall a little ccmfider it. If a black Ob- 
jed: be cncompaffed with a white one, the Co- 
lours which appear through the Prifm arc to be 
derived from the Light of the white one, fpread- 
ing into the Regions of the black, and therefore 

they 



144 O P T I C K S. 

they appear in a contrary order to that, when a >\ily 
white Objedt is furrounded with black. And die mt 
fame is to be underftood when an Objeft is view- 
ed, whofe parts are fome of them leis luminous 
than others. For in the borders of the more and lefs 
luminous Parts, Colours ought always by the fame 
principles to arife from the Excefs of theLigb^ 
of the more luminous, and to be of the fam^ 
kind as if the darker parts were black, but yet cO 
be more faint and dilute. 

What is faid of Colours made by Prifms ma^ 
be eafily applied to Colours made by the GlaflS^'^ 
of Telefcopes or Microfcopes, or by the Hii- — 
mours of the Eye. For if the Objeft-glals c^ -f 
a Telefcope be thicker on one fide than on th^ 
other, or if one half of the Glafs, or one hat :^ 
of the Pupil of the Eye be cover'd with any 
Opake fubft: xe ; the Objedt-glafs, or that part (w 
it or of the Eye which is not cover'd, may be 
confider'd as a Wedge with crooked Sides, and 
every Wedge of Glafs or other pellucid Subftancc 
has the effed: of a Prifm in refracting the Light 
which paffes through it *. 

How the Colours in the ninth and tenth Eie- 
periments of the firft Part arife from the diffe- 
rent Reflexibility of Light, is evident by what 
was there faid. But it is obfervable in the ninth 
^Experiment, that whilft the Sun's dired: Light 
is yellow, the Excefs of the blue-making Rays 
in the refleded beam of Light MN, fuffices 
only to bring that yellow to a pale white incli- 
ning to blue, and not to tinge it with a mani- 

? Si^p^rAuthor'i Left. Optic. Partn. Sea.lh fag. 269, &^r. 

feftly 
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feftly blue Colour. To obtain therefore a better 
blue, I ufed iriftead of the yejlow Light of the 
Sun the white Light of the Clouds, by varying a 
litde the Experiment, as follows. 

Exper. 16. Let HFG [in Fig. 13.] repre- 
fcnt a Prifm in the open Air, and S the Eye of 
the Speftator, viewing the Clouds by their 
Light coming into the Prifm at the Plane Side 
FiGK, and refleded in it by its Bafe HEIG, 
and thence going out through its Plane Side 
JlEFK^to the Eye. And when the Prifm and 
3Eye are conveniently placed, fo that the Angles 
of Incidence and Reflexion at the Bafe may be 
about 40 Degrees, the Spectator will fee a Bow 
MN of a blue Colour, running from one End 
of the Bafe to the other, with the Concave Side 
towards him, and the Part of the Bafe IMNG 
beyond this Bow will be brighter than the other 
Part E M N H on the other Side of it. This blue 
Colour MN being made by nothing elfe thah by 
Reflexion of a fpecuJar Superficies, feems fo odd 
a Phaenomenon, and fo difficult to be explain- 
ed by the vulgar Hypothefis of Philofophers, 
that I could not but think it deferved to be taken 
Notice of. Now for underflanding the Rea- 
Ibn of it, fuppofe the Plane ABC to cut the 
Plane Sides and Bafe of the Prifm perpendicu- 
larly. From the Eye to the Line B C, wherein 
that Plane cuts the Bafe, draw the Lines S^ 
and S^, in the Angles ?>pc 50 degr. ^^ 'and Stc 
49 degr. Vr, and the Point p will be the Limit 
beyond which none of the mofl: refrangible 
Rays can pafs through the Bafe of the Prifm, 
and be refraded, whofe Incidence is fuch that 

L the^ 
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they may be reflcfted to the Eye ; and the Point 
t will be the like Limit for the leaft refrai\gi- 
ble Rays, that is, beyond which none of them 
can pafs through the Bale, whofc Incidence is 
fuch that by Reflexion they may come to the 
Eye. And the Point r taken in the xniddle 
Way between p and /, will be tl>c like Limit 
for the meanly refrangible Rays. And there- 
fore all the leaft refrangible Rays which fall 
upon the Bafe beyond /", that is, between / aiid'B, 
and can come from thence to the Eye, will be 
refledlcd thither : But on this fide /, that is, 
between t and r, many of thefe Rays wilj be 
tranfmitted through the Bafe. And all the moft 
refrangible Rays which fall upon the Bafe be- 
yond />, tliat is, between p and B, and can by 
Reflexion come from thence to the Eye, will be 
reflefted thither, but every where between p 
and r, many of thefe Rays will get through the 
Bafe; and be refraded j and the fame is to be 
underftood of the meanly refrangible Rays on 
either fide of the Point r. Whence it follows, 
that the Bafe of the Prifm muft every where 
between 't and B, by a total Reflexion of all forts 
of Rays to the Eye, look white and bright. 
And every where between p and C, by reafon of 
die Tranfmiflion of many Rays of every fort, 
look more pale, obfcure, and dark. But at r, 
and in otlier Places between p and t^ where all 
the more refrangible Rays are refledled to the 
Eye, and many of the lefs refrangible are tranf- 
mitted, the Excefs of the moft refrangible in 
the reflefted Light will tinge that Light with 
their Colour, wliich.is violet and blue. And 

this 
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this happens by taking the Line CprtH any 
where between the Ends of the Prifm K G 
ana EL 



PROP. IX. Prob. IV. 

By the difcovered Properties of Light to 
explain the Colours of the Rain-how. 

THIS Bow never appears, but where it 
rains in the Sun-fhine, and may be made 
artilicially by fpouting up Water which may 
brea:k aloft, and fcatter into Drops, and fall down 
like Rain. For the Sun fhining upon thefe 
Drops certainly caiifes the Bow to appear to a 
Spc<^tor ftanding in a due Pofition to the Rain 
and Sun. And hence it is now agreed upon, 
that this Bow is made by Refradlion of the Sun's 
Light in Drops of falling Rain. This was un- 
dcrftood by fome of the Antients, and of late 
more fully difcovcr'd and explained by the fa- 
mous Antonita de Domnis Archbilhop of 5/t?- 
latOy in his Book De Radiis Fisus & Lucis, pub- 
liflied by hie Friend Bartolus at Venice^ in the 
Year 16 11, and written above 20 Years before. 
For he teaches there how the interior Bow is 
made in round Drops of Rain by two Refradli- 
ons of the Sun's Light, and one Reflexion be- 
tween them, and the exterior by two Refradi- 
ons, and two forts of Reflexions between them 
in each Drop of Water, and proves his Expli- 
cations by Experiments made with a Phial full 
of Water, aod with Globes of Glafs filled 

L 2 mxJci 
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with Water, and placed in the Sun to make the 
Colours of the t\Vo Bows appear in them. The 
fame Explication Des-Cartes hath purfued in his • 
Meteors, and mended that of the exterior Bow. 
But whilft they underftood not the true Ori- 
gin of Colours, it's neceflliry to purfue it here 
ii little farther. For underftanding therefore how 
the Bow is made, let a Drop of Rain, or any 
other fpherical tranfparent Body be reprefented 
by the Sphere BNFG, [in Fig. 14.] defcribed 
with the Center C, and Semi-diameter CN. 
And let AN be one of the Sun's Rays inci- 
dent upon it at N, and thence refradled toF, 
where let it either go out of the Sphere by Re- 
fraftion towards V, or be reflefted to G ; and 
at G let it either go out by Refraftion to R, or 
be refledcd to Hs and at H let it go out by 
Refradlion towards S, cutting the incident Ray 
in Y. Produce AN and RG, till they meet in 
X, and upon AX and NF, let fall the Per- 
pendiculai-s CD and CE, and produce CD till 
it fall upon the Circumference, at L. Parallel to 
the incident Ray AN draw the Diameter BQ^ 
and let the Sine of Incidence but of Air into 
Water be to the Sine of Refradlion as I to R. 
Nov/, if you fuppofe the Point of Incidence N 
to move from the Point B, continually till it 
come to L, the Arch QF will firft incrcafe and 
then decreafe, and fo will the Angle A X R 
which the Rays AN and GR contain; and the 
Arch QJ^ and Angle AXR w ill be biggcft 
when ND is to CN as i/Il— RR to • 3 RR, in 
which cafe N E will be to N D as 2 R to I. Alfo 
the Angle AYS, which the Rays AN and HS 

contain 
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contain will firft decreafe, and then increafe and 
grow Icaft when ND is to CN as y/Il_HR to 
v^SRR, in which cafe NE will be to ND, as 
3 R to I. And fo the Angle which the next emer- 
gent Ray (that is, the emergent Ray after three 
Reflexions) contains with the incident Ray AN 
will come to its Limit when ND is to CN 
as y^li— KR to v/ 15 Rl^, in which cafe NE will 
be to ND as 4 R to I. And the Angle which the 
Ray next after that Emergent, that is, the Ray 
emergent after four Reflexions, contains with the 
Incident, will come to its Limit, when ND is to 
CN as v/ll— KR to v/ 24 RR, in which cafe NE 
will be to ND as 5 R to I ; and fo on infinitely, 
the Numbers 3, 8, 15, 24, &c. being gathered by 
continual Addition of the Terms of the arithme- 
tical Progreflion 3, 5, 7, 9, &c. The Truth of all 
this Mathematicians will eafily examine.* 

Now it is to be obferved, that as when the Sun 
comes to his Tropicks, Days increafe and decreafe 
but a very little for a great while together; fo when 
by increafing thediftance CD, thcfe Angles ccmc 
to their Limits, they vary their quantity but very 
little for fome time together, and therefore afar 
greater Number of the Rays which fall upon all 
the Points N in the Quadrant BL, fliall emcrgv; in 
the Limits of thefe Angles, than in any other Incli- 
nations. And farther it is to be obferved, that the 
Rays which differ in Refrangibility will have dif- 
ferent Limits of their Angles of Emergence, and 
by confequence according to their ditfercni: De- 
grees of Refrangibilitjii emerge moft copioufly 

♦ This is demonftrated in our Author'/ Lcdl. Opiic. P4rt I. Sc^l. IV. 
Prop, 35 and 36. 

L 3 in 
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in difFercnt Angles, and being feparated from one 
another appear each in their proper Colours. 
And what thofe Angles are may be eafily ga- 
thered from the foregoing Theorem by Com- 
putation. 

For in the leaft refrangible Rays the Sines I 
and R (as was found above) are io8 and 8i, 
and thence by Computation the greateft Angle 
AXR will be found 42 Degrees and 2 Minutes, 
and the leaft Angle AYS, 50 Degrees and 57 
Minutes. And in the moft refrangible Rays the 
Sines I and R are 109 and 81, and thence by 
Computation the greateft Angle AXR will be 
found 40 Degrees and 17 Minutes, and the leaft 
Angle AYS 54 Degrees and 7 Minutes. 

Siippcfe now that O [ in Fig. 15. ] is the Spc- 
(^bitor's Eye, and OP a Line drawn parallel to 
the Sun's Rays, and let POE, POF, POG, 
POH, be Angles of 40 Degr. 17 Min, 42 Degr. 
2 Min. 50 Degr. ^j Min. and 54 Degr. 7 Min. 
leipedlivcly, and thefe Angles turned about 
their common Side O P, Ihall with their other 
Sides OK, OF; OG, OH, defcribc the Verges 
of two Rain-bows AF BE and CHDG. For 
if E, F. G, H, be drops placed any where in 
the conical Superficies defcribed by OE, OF, 
OG, OH, and be illuminated by the Sun's Rays 
SE, SF, SG, SH; the Angle SEO being e- 
qual to the Angle POE, or 40 Degr. 17 Min. 
Ihall be the greateft Angle in which the moft 
refrangible Rays can after one Reflexion be re- 
fracaed to the Eye, and therefore all the Drops 
in the Line OE ftiall fend the moft refrangible 
Rays moft copioujQy to the Eye, and thereby 

ftrike 



BOOK I. 151 

llrike the Senfcs with the deepeft violet Colour in 
that Region. And in like manner the Angle SFO 
being equal to the Angle POF, or 42 Degr. 
2 Min. (hall be the greateft in which the lead re- 
frangible Rays after one Reflexion can emerge 
out of the Drops, and therefore thofe Ravs 
fhall come mofl coploufly to the Eye from tne 
Drops in the Line OF, and.ftrike the Senfes with 
the deepeft red Colour in that Regiqn. And by 
the fame Argument, the Rays which have inter- 
tnediate Degrees of Refrangibility fhall come moft 
copioufly from Drops between E and F, and ftrike 
the Senfes with the intermediate Colours, in the 
Order wh'ch their Degrees of Refrangibility rc- 
fluife, that is in the Progrefs from E to F, or 
tfom the infide of the Bow to the outfide in this 
order, violet, indigo, blue, green, yellow, orange, 
rtd. But the violet, by the mixture of the white 
Light of the Clouds, will appear faint and in- 
cline to purple. ^' 

Again, the Angle SGO being equal to the 
Artgle POG, or 50 Gr. 5 1 Min. ^all be the leaft 
Angle in which the leaft refrangible Rays can 
after two Reflexions emerge out of the Drops, 
and therefore the leaft refrangible Rays fhall 
c6tnt moft copioufly to the Eye from the Drops 
in the Line OG, and ftrike the Senfe with tiie 
deepeft red in that Region. And the Angle 
SHO being equal to the Angle POH, or 54 Gr. 
7 Min. ftiall be the leaft Angle, in which the moft 
refrangible Rays after two Reflexions can emerge 
out of the Drobsj and therefore thofe Rays 
ihall come moft copioufly to the Eye from 
the Drops in the Line OH, and ftrike the Senfes 

L 4 with 
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with the deepcft violet in thatRegion. And by the 
fame Argument, the Drops in the Regions bc^- 
tween G and H (hall ftrike the Senfe with the in- 
termediate Colours in the Order which their 
Degrees of Refrangibility require, that is, in the 
Progrefs from G to H, or from the infide of the 
Bow to the outfide in this order, red, orange, yel- 
low, green, blue, indigo, violqt. And fincc 
thefe four Lines OE, OF, OG, OH, may be 
fituated any' where in the above-mention'd co- 
nical Superficies -, what is faid of the Drops 
and Colours in thefe Lines is to be underftood 
of the Drops and Colours every where in thofc 
Superficies. 

Thus {hall there be made two Bows of Co- 
lours, an interior and ftronger, by one Reflexion 
in the Drops, and an exterior and fainter by 
two J for the Light becomes fainter by every 
Reflexion. And their Colours (hall lie in a con- 
trary Order to one another, the red of both Bov^ 
bordering upon the-Saice GF, which is be- 
tween the Bows. The Breadth of the inte- 
rior Bow EOF meafured crofs the Colours fhall 
be I Degr. 45 Min. and the Breadth of the ex- 
terior GOH (hall be 3 Degr. 10 Min. and the 
diflance between them GOF (hall be 8 Gr. 15 
Min. the greatefl: Semi-diameter of the inner- 
mofl:, that is, the Angle POF being 42 Gr. 2 
Min. and xhe leafl: Semi-diameter of the outer- 
riiofl: POGj being 50 Gr, 57 Min. Thefe are 
the Meafures of the Bows, as they would be ' 
were the Sun but a Point 5 for by the Breadth, 
of his Body, the Breadth of the Bows will be in- 
creafed, and their Diftancc decreafed by half a 

Degree, 
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degree, and fo the breadth of the interior Iris 
vill be 2 Degr. 15 Min, that of the exterior 3 
)egr. 40 Min. their diftance 8 Degr, 25 Min. 
he greateft Semi-diameter of the interior Bow 
(.2 Degr. 17 Min. and the leaft of the exterior 
;o Degr. 42 Min. And fuch are the Dimenfions 
>f the Bows in the Heavens found to be very 
learly, when their Colours appear ftrong and 
>erfe(ft. For once, by fuch means as I then had, 
meafured t!he greateft Semi-diameter of the 
nterior Iris about 42 Degrees, and the breadth 
tf the red, yellow and green in that Iris 63 or 
>4 Minutes, befides the outmoft faint red ob- 
cured by the brightnefs of the Clouds, for 
(^hich we may allow 3 or 4 Minutes more. . The 
ireadth of the blue was about 40 Minutes more 
cfides the violet, which was fo much obfcu- 
ed by the brightnefs of the Clouds, that I could 
ot meafure its breadth. But fuppofing the 
readth of the blue and violet together to equal 
bat of the red, yellow and green together, the 
/hole breadth of this Iris will be about 2 t De- 
rees, as above. The leaft diftance between this 
ris and the exterior Iris was about 8 Degrees and 
6 Minutes. The exterior Iris was broader than 
!ie interior, but fo faint, efpecially on the blue 
de, that I could not meafure its breadth di- 
:indtly. At another time when both Bows ap- 
cared more diftindt, I meafured the brdadth of 
le interior Iris 2 Gr. 10', and the breadth of the 
id, yellow and green irf the exterior Iris, was to 
le breadth of the fame Colours in the interior 
5 3 to 2, 

This 
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This Explication of the Rain-bow is yet far- 
ther confirmed by the known Experiment (made 
by Antonius de Dominis and Des-Cartes) of 
hanging up any where in the Sun-fhine a Glafs 
Globe filled with Water, and viewing it in fiich 
apofture, that the Rays which come from the 
Globe to the Eye may contain with the Sun's 
Rays an Angle of .cither 42 or 50 Degrees. For 
if the Angle be about 42 or 43 Degrees, the 
Spedator (fuppofe at O) {hall fee a full red 
Colour in that fide of the Globe oppofed to 
the Sun as 'tis reprefented at F, and it that An- 
gle become lefs (fuppofe by deprefllng the Globe 
to E ) there will appear other Colours, yellow, 
green and blue fucceflive in the fame fide of 
the Globe. But if the Angle be made about 
50 Degrees (fuppofe by lifting up the Globe to 
G) there will appear a red Colour in that fide 
of the Globe towards the Sun, and if the An- 
gle be made greater (fuppofe by lifting up the 
Globe to H ) the red will turn fucceffively to 
the other Colours, yellow, green and blue. The 
fame thing I have tried, by letting a Globe reft, 
and raifing or depreflSng the Eye , or other* 
wife moving it to make the Angle of a juft mag- 
nitude. 

I have heard it reprefented, that if the Light 
of a Candle be refradted by a Prifm to the Eye ; 
when the blue Colour fialls upon the Eye, the 
Speiftator fhall fee red in the Prifin, and when 
the red falls upon the Eye he (hall fee^blue; 
and if this were certain , the fcolours of the 
Globe and Rain-bow ought to appear in a con- 
trary order to what we find. But the Colours 
5 of 
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of the Candle being very faint, the miftake feems 
to arife from the difficulty of difceming what 
Colours fall on the Eye. For, on the contrary, 
I have fometimes had occafion to obferve in the 
Sun's Light rcfradted by a Prifm, that the Spe- 
ftator always fees that Colour in the Prifm which 
falls upon his Eye. And the fame I have founcf 
true alfo in Candle-light. For when the Prifm 
is moved flowly from the Line which is drawn 
directly from the Candle to the Eye, the red ap- 
pears firft in the Prifm and then the blue, and 
therefore each of them is feen when it falls upon 
the Eye. For the red paffes over the Eye hrft, 
and then the blue. 

. The Light which comes through drops of 
Rain by two Refra(9dons without any Reflexion, 
ought to appear ftrongeft at the diftance of a- 
bout 26 Degrees from the Sun, and to decay 
gradiially both ways as the diftance from him in- 
crcafes and decreafes. And the fame is to be un- 
dcrftood of Light tranfmitted through fphe- 
rical Hail-ftones. And if the Hail b^ a little 
flatted, as it often is, the Light tranfmitted 
may grow fo ftrong at a little lefs diftance than 
that of 26 Degrees, as to form a Halo about 
the Sun or Moon ; which Halo, as often as the 
Hail-ftooes are duly figured may be coloured, 
and then it muft be red within by the leaft re- 
frangible Rays, and blue without by the moft 
refrangible ones, efpecially if the Hail-ftones 
have opake Globules of Snow in their center 
to intercept the Light within the Halo (asJ?«- 
genius has obferv'd j and make the infide there- 
of more diftinftly defined than it would other- 
wife 
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wife be. For fuch Hail-ftones, though fpheri- 
cal, by terminating the Light by the Snow, 
may make a Halo red within and colourlefs 
without, and darker in the red than without, 
as Halos ufed to be. For of thofe Rays which 

{)afs clofe by the Snow the Rubriform will be 
eaft refraded, and fo come to the Eye in the di- 
redleft Lines, 

The Light which pafles through a drop of 
Rain after two Refradlions, and three or more 
Reflexions, is fcarce ftrong enough to caufe a 
fenfible Bow; but in thofe Cylinders of Ice by 
which Hugenius explains the Parheliay it may 
perhaps be fenfible. 



PROP. X. Prob. V. 
By the difcovered Properties of Light to 
explain the permanent Colours of Natu- 
ral Bodies. 

THESE Colours arife from hence, that 
fome natural Bodies refleft fome forts of 
Rays, others other forts more copioufly than the 
reft. Minium refledls the leaft refrangible or 
red-making Rays moft copioufly, and thence ap- 
pears red. Violets refled;- the moft refrangible 
moft copioufly, and thence have their Colour, 
and fo of other Bodies. Every Body reflects the 
Rays of its own Colour more copioufly than the 
reft, and from their excels and predominance in 
the reflci^ed Light has its Coioun 
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Exper. 17. For if in the homogeneal Lights 
obtained by the folution of the Problem pro- 
pofed in the fourth Propolition of the firft Part 
of this Book, you place Bodies of feveral Co- 
lours, you will find, as I have done, that every 
Body looks moft fplendid and luminous in the 
Light of its own Colour. Cinnaber in the ho- 
mogeneal red Light is moft refplendent, in the 
green Light it is manifeftly lefs refplendent, and 
in the blue Light .ftill lefs. Indigo in the vi-* 
olet blue Light is moft refplendent, and its fplen- 
dor is gradually diminifh'd, as it is removed 
thence by degrees through the green and yellow 
Light to the red. By a Leek the green Light, 
and next that the blue and yellow which com- 
pound green, are more ftrongly reflefted than the 
other Colours red and violet, and fo of the reft. 
But to make thefe E3qj>eriments the more mani- 
feft, fuch Bodies ought to be chofen as have the 
fulleft and moft vivid Colours, and two of thofe 
Bodies are to be compared together. Thus, /or 
inftance, if Cinnaber and ?///r^-murine blue, or 
fome other full blue be held together in the red 
homogeneal Light, they will both appear red, 
but the 'Cinnaber will appear of a ftrongly lumi- 
nous and refplendent red, and the ultra-ma-^ 
rine blue of a faint obfcure and dsyk red ; and 
if they be held together in the blue homogeneal 
Light, they will both appear blue, but the ultra^ 
marine will appear of a ftrongly luminous and 
refplendent blue, and the Cinnaber of a faint 
and dark blue. Which puts it out of difpute, 
that the Cinnaber refledts the red Light much 
more copioufly than the «//r//-marine doth, and 
2 the 
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the ultra-mzrinc rcflefts the blue Light muc^i 
more copioufly than theCinnaber doth. The farf*^ 
Experunent may be tried fuccefsfuUy with r«^ 
Lead and Indigo, or with any other two colour^ ^ 
Bodies, if due allowance be made for the diff^^ 
rent ftrength or weaknefs of their Colour art^ 
Light. 

And as the-rcafon of the Colours of natursie^' 
Bodies is evident by thefe Experiments, fo it ir^ 
farther confirmed and put pafl difpute by th^ 
two firft Experiments of the firft Part, where- — 
by 'twas proved in fuch Bodies that the refleftc^ 
Lights which differ in Colours do differ alfo in» 
degrees of Refrangibility, For thence it's cer- 
tain, that fome Bodies refleft the more refran- 
gible, others the lefs refrangible Rays more co- 
pioufly. 

And that this is not onlv a true reafon of thefe 
Colours, but even the only reafon, may appear 
farther from this Confideration, that the Colour 
of homogeneal Light cannot be changed by the 
ReHexion of natural Bodies. 

For if Bodies by Reflexion cannot in the Icaft 
change the Colour of any one fort of Rays, they 
cannot appear coloured by any other means than 
by refledling thofe which either are of their 
own Colour, or which by mixture mufl pro* 
duce it. 

But in trying Experiments of this kind care 
mufl be had that the Light be fufficiently ho- 
mogeneal. For if Bodies be illuminated by the 
ordinary prifmatick Colours, they will appear 
neither of their own Day-light Colours, nor of 
the Colour of the Light cafl on them, but of 

fome 
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fon)^ middle Colour between both, as I have 
found by Experience- Thus red Lead (for in- 
ftance) illuminated with the ordinary prifma- 
tick green will not* appear either red or green, 
but orange or yellow, or between yellow and 
green, accordingly as the green Light by which 
'^is illuminated is more or lefs compounded, 
^or becaufe red Lead appears red when illumi-r 
:^^ted with white Light , wherein all forts of 
^^^ays are equally mix'd, and in the green Light 
^^l forts of Rays are not equally mix'd, the Ex- 
^^^cfs of the yellow-making , green-making and 
^Dlue-making Rays in the incident green Light, 
^^ill caufe thofe Rays to abound fo much in the 
^rcfledled Light, as to draw the Colour from red 
■^cowards their Colour. And becaufe the red Lead 
orefkfts the red-maJking Rays moft copioufly ia 
proportion to their number, and next after them 
the orangi^-making and yellow-making Rays^ 
thefe Rays in the reflected Light will be more ia 
proportion to the Light than they were in the in- 
cident green Light, and^thereby will draw the 
refledled Light from green towards their Co- 
lour. And therefore the red Lead will appear 
i;ieither red nor green, but of a Colour between 
both. 

Ifi tranfparently coloured Liquors 'tis obfer- 
vable, that their Colour ufes to vary with their 
thicknefs. Thus, for inftance, a red Liquor in 
a conical Glafs held between the Light and the 
Eye, loojfis of a pale and dilute yellow at the 
bottom where 'tis thin, and a little higher where 
'tis thicker grows orange, and where 'tis ftill 
thicker becomes red, and where 'tis thickeft 




the red is deepeft and darkeft. For it is to be 
conceived that fuch a Liquor ftops the indigo- 
making and violet-making Rays moft eaiilyj the 
blue-making Rays more difficultly, the green- 
making Raya/ftill more difficultly, and the red- 
making mod difficultly: And that if the thick- 
nefs of the Liquor be only fo much as fuffices 
to ftop a competent number of the violet-ma- 
king and indigo-making Rays, without dinii- 
jiifliing much the number of the reft, the reft 
muft (by Prop. 6. Part 2.) compound a pale 
yellow. But if the Liquor be fo much thicker 
as to ftop alfo a great number of the blue-ma- 
king Rays, and fome of the green-making, the 
reft muft compound an orange ; and where it is 
fo thick as to ftop alfo a great number of the 
green-making and a conliderable number of the 
yellow-making, the reft muft begin to compound 
a red, and this red muft grow deeper and darker 
as the yellow-making and orange-making Rays 
are more and more ftopp'd by increafing the 
thicknefs of the Liquoi^ fo that few Rays befides 
the red-making can get through. 

Of this kind is an Experiment lately related 
to me by Mr. Halley\ who, in diving deep into 
the Sea in a diving Veflel, found in a clear Sun- 
fhine Day, that when he was funk many Fa- 
thoms deep into the Water, the upper part of 
his Hand on which the Sun fhone dire<ftly 
through the Water and through a fmall Glals 
Window in the Veflel appeared of a. red Co- 
lour, like that of a Damask Rofe, and the Wa- 
ter below and the under part of his Hand 
illuminated by Light reflefted from, the Water 
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l>el6w look'd green. For thence it. may be ga- 
1 ther'd, that the Sea- Water reflefts back the violet . 
!. ftnd blue-making Rays moft eafily, and lets the 
red-making Rays pafs moft freely and copiouily to 
great Depths. For thereby the Sun's diredt Light 
at all great Depths, by reafon of the predomi- 
nating red-making Rays, muft appear red j and 
the greater the Depth is, the fuller and in- 
tenfer muft that red be. And at fuch Depths 
^s the violet-making Rays fcarce penetrate unto, 
^he blue-making, green-making, and yellow- 
^*Hiking Rays being reflefted from below more 
^opioufly than the red-making ones, muft com- 
povind a green. ^ 

Now, if there be two Liquors of full Colours, 
'^^pofe a red and a blue, and both of them fo 
^Hick as fuffices to make their Colours fufficiently 
*^11; though either Liquor be fufficiently tranfpa- 
J^nt apart, yet will you not be able to fee through 
*^th together. For, ' if only the red-making Rays 
P^s through one Liquor, and only the blue- 
^^aking through the other, no ' Rays can pafs 
^iirough both. This Mr. Hook tried cafually 
^ith Glafs Wedges filled with red and blue Li- 
quors, and wasfurprized at the unexpedled Event, 
the reafon of it .being then unknown ; which 
makes me truft the more to his Experiment, 
though i have not tried it my felf. But he 
that would repeat it, muft take care the Li- 
quors be of very good and full Colours. 

Now, whilft Bodies become coloured by refleft- 
ing or tranfmitting this or that fort of Rays more 
copioufly than the reft, it is to be conceived that 
they ftop and ftifle in thcnifelves the Rays 

M vfhlch 
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which they do not reflect or tranfmit. For, if 
Gold be foliated and held between your Eye and 
the Light, the Light looks of a greenifh blue, 
and therefore maffy Gold lets into its Body the 
bhic-making Rays to be refledted to and fro 
within it till they be ftopp'd and ilifled, whilft 
it refledls the yellow-making outwards, and 
thereby looks yellow. And much after the fame 
manner that Leaf Gold is yellow by reflefted, 
and blue by tranfmitted Light, and maffy Gold 
is yellow in all Pofitions of the Eye ; there arc 
fome Liquors, as the Tindlure of Lignum 
Nepbriticumy and fome forts of Glafs which 
tranfmit one fort of Light moft copioufly, and 
refleft another fort, and thereby look of feve- 
ral Colours,- according to the Pofition of the 
Eye to the Light. But, if thefe Liquors or 
Glaffes were fo thick and mafly that no Light 
could get through them, I queftion not but they 
would like all other opake Bodies- appear of 
one and the fame Colour in all Pofitions of the 
Eye, though this I cannot yet affirm by Expe^ 
rience. For all colour'd Bodies, fo far. as .my 
Obfervation reaches, may be feen through if 
made fufficiently thin, and therefore are in fome 
meafure tranfparent, and differ only in degrees 
of Tranfparency from tinged tranfparent Li- 
quors; thefe Liquors, as well as thofe Bodies, 
by a fufficient Thicknefs becoming opake. A 
tranfparent Body which looks of; any Colour by 
tranfmitted Light,, may alfo look of the fame 
Colour by refledted Light, the Light of that 
Colour being refledted by the farther Surface 
of the Body, or by the Air beyond it. And 

then 
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then the refle£ted Colour will be diminifli^, and 
perhaps ccafe, by making the Body very thick, 
and pitching it on the Imckfide to diminiOi the 
Reflexion of its farther Surface, fo that the Light 
tfleded from the tinging Particles niay predomi- 
mte. In fuch Cafes, the Colour of the refledled 
L^t will be apt to vary from that of the Light 
nmimittcd. But. whence it is that tinged Bo- 
lies and Liquors reflect fome fort of Rays, and 
Qtromit -or tranfmit other forts, {hall be fai4 in 
he next Book. In this Proportion I content my 
idf to have puttt paft difpute, that Bodies have 
lich Properties, and thence appear colour'd. 



PROP. XI. Prob. VL 

^y mixing colour d Lights to compound a 
' htam of Light of the fame Colour and 
Nature noith a ieam of the Suns diriSl 
Lights and therein to experience th 
Truth of the foregoing Propojitions. 



r/ 



LET ABC abc [in Fig. 16.] reprefent a 
Prifin, by which the Sun's Light let into 
L dark Chamber through the Hole F, may be 
cfraded ipwards the Lens MN, and paint upon 
t at p^ y, r, ;, and t^ the ufual Colours vio- 
ct, blue, green, yellow, and red, and let the 
iiverging Rays by the Refradlion of this Lens 
:onverge again towards X, and there, by the 
nixture of all thofe their Colours, compound a 
rhite according to what was ihewn above. 

M 2 Then 
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Then let another Prifm DEG deg^ parallel to 
the former, be placed at X, to refraft that while 
Light upwards towards Y. Let the refracting 
Angles of the Prifms, and their diflanccs from 
the Lens be equal, fo that the Rays which con- 
verged from the Lens towards X, and without 
ReSaftion, would there have croi&d and di- 
verged again, may by the Refradion of the ic- 
cond Prifm be reduced into Parallelifhi and 
diverge no more. For then thofc Rays will re- 
compofe a beani of white Light XY. If the 
refrafting Angle of either Prifm be the bigger, 
that Prifm mufl: be fo much the nearer to the 
Lens. You will know when the Prifms and the 
Lens are well fet together, by obferving if the 
beam of Light X Y, which comes out of the fe- 
cond Prifm be perfedtly white to the very edges 
of the Light, and at all diflances from the Ptifin 
continue perfedtly and totally white like a beam 
of the Sun's Light. For till this happens^ the 
Pofition of the Prifms and Lens to one another 
mufl: be corrected ; and then if by the. help of a 
long beam of Wood, as is reprefcnted in the 
Figure, or by a Tube, or fome other fuch In- 
llrumcnt made for that Purpofe, they be made 
fafl: in that Situation, you may try all the &mc 
Experiments in this compoundfed beam of Li^ht 
XY, which have been made in the Sun's dired 
Light. For this compounded beam of Light 
has the fame appearance, and is endow'd with 
all the fame Properties with a dired: beam of the 
Sun's Light, fo far as my Obfervation reaches. 
And in trying Experiments in this beani you 
may by (lopping any of the Colours /, q, r, x, 

and 
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1 ifld /, at the Lens, fee how the Colours produced 
in the Experiments are no other than thofe which 
the Rays had at the Lens before they entered the 
Compofition of this Beam : And by confeqtience> 
that tney arife not from any new Modifications of 
the Light by Refradtions and Reflexions, but from 
<he various Separations and Mixtures of the Rays 
^ginallyendow'd with their colour-making Qua- 

Soj for inflance, having with a Lens 4^ Inches 
^oad, and two Prifms on either hand 6i Feet 
^iiftant from the Lens, made fuch a beam of 
Compounded Light -, to examine the reafofi of 
^cfae Colours made by Prifms, I refracted this com- 

Eiunded beam of Light X Y with another Prifm 
IK Aby and thereby caft the ufual Prifma* 
tick Colours PQRST upon the Paper LV 
placed behind. And then b^ flopping any of 
the Colours /, y, r, s^ /, at tne Lens, I found 
tint the fame Colour would vanifh at the Pa-* 
per. So if the Purple * was flopp'd at the 
Lens, the Purple P upon the Paper would vanifli, 
tad the reft of the Colours would remain un« 
aker'd, onlefs perhaps the blue, fo far as fome 
purple latent in h at the Lens might be iepa^ 
faced from it by the following RefraSions. And 
&> by intercepting the green upon the Lens, the 
green R upon the Paper would vanifh, and fo 
of the reft -, which plainly (hews, that as the 
wfahe beam of Light XY was co»ipounded of 
fcvrral Lights variotrlly colour'd at the Lens, 
fi» die ColoufSr which afterwards emerge out of 
ir by new Rafra^ions are no other than thofe 
ipf which its White&efs was compounded. The 

M 3 Rcfraftion 
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Rcfraftion of the Prifm HIK kb generates the 
Colours PQJvST upon the Paper, not by chan- 
ging the colorific Qualities of the Rays, but by 
feparating the Rays which had the very fame colo- 
rific Qualities before they enter'd the Compofition 
of the retraced beam of white Light X Y. For 
otherwife the Rays which were of one Colour at 
the Lens might be of another upon the Paper, 
contrary to what we find. 

So again, to examine the reafon of the Co- 
lours of natural Bodies, I placed fuch Bodies 
in the Beam of Light XY, and found that they 
all appeared there of thofe their own Colours 
which they have in Day-light, and that thofe 
Colours depend upon the Rays which had the 
fame Colours at the Lens before they enter'd the 
Compofition of that beam. Thus, for inflance, 
Cinnaber illuminated by this beam appears of 
the fame red Colour as in Day-light ; and if 
at the Lens you intercept the green-making and 
blue-making Rays, its rednefs will become more 
full and lively ; But if you there intercept the 
red-making Rays, it will not any longer ap- 
pear red, but become yellow or green, or of 
fome other Colour, according to the forts of 
Rays which you do not intercept. So Gold 
in this Light XY appears of the fame yellow 
Colour as in Day-light, but by intercepting at 
the Lens a due Quantity of die yellow-making 
Rays it will appear white like Silver ( as I have 
tried ) which mews that its yellownefs arifes from 
the Exccfs of the intercepted Rays tinging that 
Whitcnefs with their Colour when they arc let 
pais. So the Infuiion of Lignum Nepbritictm 
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i I have alfo tried) wl)en held in this beam of 
ght XY, looks blue by the refledtcd Part of the 
ght, and red by the tranfmitted Part of it, as 
hen 'tis view'd in Day-light ; but if you intercept 
le blue at the Lens the Infbiion will lofe its re-- 
efted blue Colour, whilft its tranfmitted red re- 
oains perfed, and by the lofs of fome blue- 
naking Rays, wherewith it was allay'd, becomes 
more intenfe and fiilL And, on the contrary, if 
the red and orange-making Rays be intercepted at 
the Lens, the Intufion will lofe its iranfmitted red, 
whilft its blue will remain and become more full 
and perfedt. Which (hews, that the Infufion 
does not tinge the Rays with blue and red, but 
only tranfmit thofe moft copioufly which were 
jied-making before, and rcflcdts thofe moft copi- 
oufly which were blue-makihg before. And atier 
the fame manner may theReafons of other Phaeno- 
mena be examined, by trying thom in this artificial 
beam of Light XY. 
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PART I. 



Ohjervations coitccriiing the Reflexions^ Re-- 
fraSiio?i$^ and Colours of thin tranfpa- 
rent Bodies. • 

T has been obfcrved by others, 
that tranfparent Subftances, as 
Glafs, Water, Air, Gfr. when 
made very thin by being blown 
into Bubbles, or otherwife formed 
ijKo IMutes, do exhibit various Co- 
lours according to thcb vairious thinnefs, altho' at 

a greater 
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a greater chicknefs they appear very clear and 
colourltls. In the former Book I forbore to 
treat of thefe Colours, becaufe they fecmed of a 
ix^ore difficult Confxderation, and were not neccf- 
Tary for eftablifl^ing the Properties of Light there 
dilcourllil of But beeaufe they may conduce to 
farther Difcoveries for compleacing the Theory of 
Light, efpecially as to the conftituuon of the 
parts of natural Bodies, on which their Colours 
or Tranfparency depeiid j I have here fet down 
an account of them. To render this Difcourfe 
ftiort and diftinfit, I have firft defer ibed the prin- 
cipal of my Ohfervations, and then confider'd 
and made ufe of thewi The Obforvations are 
theft. 

Obf I. Compre0ing two Prifins hard toge^ 

tiler that their fides (which by chance were a 

Very little convex) might fon^ie where touch one 

another : I found th« place in which thoy tOucbr 

^d to become abfolutely tranfpdrent> as if they 

had there been one continued piece of Glafs. 

I^'or when the Light fell- lb obliqufely on' the 

Air, which in oth^r places was between them, 

^s to be all relieved; it feemed in that pkc^ of 

c^oma<it to be wholly tranfmitted,. infomuch thati 

^vhen kx^'d upon, it appeared hke a black or 

dark fpot, by reafon tbaf little or uo fenfibfe 

Light was reflected froei thence, as ftom other 

places 3 and whey looked through it feemed ( zs% 

}t were) a hole in that Air which was formed 

^nto a thin Plate, by being comprefs'd between 

^he Glafles. And through this hole Objects that 

^'ere beyond might be feen diftindlly, which. 

Could not at all be fccn through other parts of 

the 




the GlafTes where the Air was inteijaccnL Al- 
though the Gkfles were a Httle convex^ yet this 
tranfparent fpot was of a confidcrable breadth* V^ 
which breadth feemed principally to proceed V 
from the yielding inwards of the parts of th^ * 
Glaffes, by reafon of their mutual preffure. Fc^^ 
by preffing them very hard together it would b^=^' 
come much broader than otherwife. 

Obf. 2. When the Plate of Air, by turning 
the Prifms about their common Axis, became f(^ 
little inclined to the incident Rays, that fome o^ ^ 
them began to be tranfmitted, there arofe in ir i 
many (lender Arcs of Colours which at firft wer^^ 
ihaped almoft like the Conchoid ^ as you fe^ 
them delineated in the firft Figure. And by con- — 
tinuing the Motion of the Prifms j thcfc Arc^ 
increafed and bended more and more about thc^ 
faid tranfparent fpot, till they were compleated^ 
into Circles or Rings incompafling it, and af— - 
terwards continually grew more and more con- -^ 
trailed. 

Thefe Arcs at their fiVft appearance were of^ 
a violet and blue Colour, and between them 
were white Arcs of Circles , which prefently 
by continuing the Mption of the Prifm$ became 
a little tinged in their inward Linibs with red 
and yellow, and to their outward Limbs the 
blue was adjacent. So that the order of thefe 
Colours from the central dark fpot, was at that 
time white, blue, violet; black, red, orange, 
yellow, white, blue, violet, Gfr. But the yel- 
low and red were much fainter than the blue and 
violet. 

2 The 
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The Motion of the Prifms about their Axis 
being continued, thefe Colours contracted more 
and more, (hrinking towards the whitenefs on 
cither fide of it, until they totally vanifhed into 
it. And then the Circles in thofe parts appeared 
black and white, without any other Colours in- 
termixed. But by farther moving the' Prifms 
about, the Colours again emerged out of the 
whitenefs, the violet and blue at its inward. 
Limb, and at its outward Limb the red and yel- 
low. So that now their order from the central 
Spot was white, yellow, red; black; violet, 
blue, white^ yellow, red, Gfr. contrary to what 
it was before. 

Obf. 3. When the Rings or fome parts of 
them appeared only black and white, they were 
very diftind and well defined, and the blacknefi 
ieemed as intenfe ^ that of the central Spot. 
Alfo in the Borders of the Rings, where the 
Colours began to emerge out of the white- 
nefs, they were pretty diftindl , which made 
them'vifible to a very great multitude, I have 
fometimes numbered above thirty Succeffions 
(reckoning every black and white Ring for one 
Succeflion) and icen more of them, which by 
reafon of their fmalnefs I could not number. 
But in other Pofitions of the Prifms, at which 
. the Rings appeared of mlny Colours, I could 
not diftinguifti above eight or nine of them, and 
the Exterior of thofe were very confufed and 
dilute. 

In thefe two Obfervations to fee the Rings di- 
ftinft, and without any other Col6ur than bLick 
mid white, I found it neceflary to hold my E}'e 
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at a good diftance from them. For by ap- 
proaching nearer, although in the fame inclina- 
tion of my Eye to the Plane of the Rings, there 
emerged a bluifh Colour out of the white, 
which by dilating it felf more and more into 
the black, rendcit-d the Circles lefs diftinft, and 
left the white a little tinged with red and yel- 
low. I found alfo by looking through a flit or 
oblong hole, which was narrower than the pupil 
of my Eye, and held clofe to it parallel to die 
Prifms, I could fee the Circles much diftindler 
and vifiblc to a far greater mimber than other- 
wife. 

Obf. 4. To obferve more nicely the order of 
the Colours which arofe out of the white Cir- 
cles as the Rays became lefs and lefs inclined 
to the Plate of Aif; I took two Objcdt-glaflfes, 
the one a Plano-convex for a fourteen Foot 
Telefcope, and the other a large double Con- 
vex for one of about fifty Foot; and upon- this, 
laying the other with its plane fide dowmvarda, 
I prefTcd them flowly together, to make the 
Colours fucceflively emerge in the middle of the 
Circles, and then (lowly lifted the upper Glafs 
from tlie lower to make them fucceflively vaniih 
again in the fame place. The Cplour, which 
by prefling the Glafles together, emerged laft in 
the middle of the other Colours, would upon its 
firfl; appearance look like a Circle of a Colour 
alfnofl uniform from the circumference to the 
center, and by comprefling the Glafles fl:ill more, 
grow continually broader until a new C(^our 
emerged in its center, and thereby it became a 
Ring encompaifing that nejv Colour. And! by 

X com- 
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compreffing the GlaffeS ftill more, the diameter 
of this Ring would increafe, and the breadth of 
its Orbit or" Perimeter decreafe until another new 
Colour emerged in the center of the laft: And 
fo on until a third, a fourth, a fifth, and other 
following new Colours fucceffively emerged 
there, and became Rings encompafling the inner- 
moft Colour, the laft of which was the black 
Spot. And, on 'the contrary, by lifting up the 
upper Glafs from the lower, the diameter of the 
Rings would decreafe, and the breadth of their 
Orbit increafe, until their Colours reached fuc- 
ceffively to the center ; and then they being of a 
confiderable breadth, I could more eafily difcem 
and diftinguifh their Species than before. And 
by this means I obferv'd their Succeffion and 
Qiiantity to be as foUoweth. 

Next to the pellucid central Spot made by 
the contadt of the Glafles fucceeded blue, white^ 
yellow, and red. The blue was fo little in quan- 
tity, that I could not difcern it ih the Circles 
made by the Prifms, nor could I well diftinguifh 
any violet in it, but the yellow and red were 
pretty copious, ihd feemed about as much in 
extent as the white, and four or five times more 
than the blue. The next Circuit in order of 
Colours immediately encompaffing thefe were 
violet, blue, green, yellow, and Ir^: and thefe 
were all of them copious and vivid, excepting 
the green, which was very little in quantity, and. 
feemed much more faint and dilute than the 
other Colours. Of the other four, the vio* 
let was the leaft in extent, and the blue lefs 
than the yellow Qv red. The third Circuit or 

Orde^ 
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Order was purple^ blue; green, yellow, and 
red ; in which the purple feemed^more reddifh 
than the violet in the former Circuit,, and the 
green was much more confpicuous, being as 
brisk and copious as any of the other Colours, 
except the yellow, but the rqd began to be a lit- 
tle faded, inclining very much to purple. Af- 
ter this fucceedcd the fourth Circuit of green 
and red. The green was very c6pious and live- 
ly, inclining on the one fide to blue, and on 
die other fide to yellow. But in this fourth 
Circuit there was neither violet, blue, nor yel- 
low, and the red was very imperfedt and dir- 
ty. Alfo the fucceeding Colours became more 
and more imperfedt and dilute, till after three 
or four revolutions they ended in- peried: 
whitenefs. Their form, when the Glaflfcs were • 
mod coniprefs'd fo as to make the black Spot 
appear in the center, is delineated in the ie- 
cond Figure; where i, ^, r, d^ e : f^ gy by /, 
k: /, nij fly (fy p: qy r: j, t : Vy x: yy z, de- 
note the Colours reckon'd in oriler from the 
center, black, blut, white, yellow, red: vio- 
let, blue, green, ydlow, red: purple, blue, 
green, yellow, red: green, red: greenifh blue, 
red: greenifh blue, pale red: greenifh hiue^ 
reddi{h white. 

GA/.' 5. To determine the interval of the 
Glafies, or thicknefs of the interjacent Air, by 
which each Colour was produced, I meafured 
the Diameters of the firil fix Rings at the moft 
lucid part of their Orbits, and fquaring them, I 
found their Squares to be in the arithmetical Pro- 
greffion of the. odd Numbers, •!, 3, 5, 7, 9, 1 1. 

And 
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And fince one of thefe Glafles was plane, and 
the other fphellcal, their Intervals at thofe Rings 
muft be in the fame Progreflion. I meafured alfo 
the Diameters of the dark or £wnt Rings between 
the more lucid Colours, and found their Squares 
to be in the arithmetical Progreflion of the even 
Numbers, 2, 4, 6, 8, 10, 12. And it being very 
nice and difficult to take thefe meafures exadly; 
r repeated them divers times at divers parts of 
the Glafles, that by their Agreement I might be 
confirmed in them. And the fame method I ufed 
in determining fome others of the following Ob- 
fervations. 

Obf.6. The Diameter of the fixth Ring at 

the moft lucid part of its Orbit was -^ parts of 

an Inch, and the Diameter of the Sphere on 
which the double convex Objedl-glafs was 
ground was about 102 Feet, and hence I ga- 
thered the thicknefs of the Air or Aereal Inter- 
val of the Glaflfes at that Ring. But fome time 
afi:er, fufpedling that iri making this Obfcrvation 
I had not ' determined the Diameter of the 
Sphfere with fiifiicient accuratenefs, and being 
uncertain whether the Plano-convex Glafs was 
truly plane, and not fomcthing concave or con- 
vex on that fide which I accounted plane ; and 
whether I had not prefled the GlaflTes together, 
as I often did, to make them touch; (For by 
preflTing fuch Glaflfes together their parts eafily 
yield inwards, and the Rings thereby become 
fenfibly broader than .they would be, did the 
Glafles keep their Figures.) I repeated the 
Experiment^ and found the Diameter of the 

fixth 
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fixth lucid Ring about -^ parts ^f an Inch. 1 

repeated the Experiment alfo with fuch an Ob- 
jed-glafs of anot|}er Telefcope as I had at hand. 
This was a double Convex ground on both 
fides to one and the fame Sphere, and its Fo- 
cus was diftant from it 83^ Inches. And thence, 
if the Sines of Incidence and Refra£tion of the 
bright yellow .Light be aiTumed in proportion 
as 1 1 to 17, the Diameter of the Sphere to 
which the Glafs was figured will by compnta* 
tion be found 182 Inches. This Glafs I laid 
upon a flat one, fo that the black Spot appear- 
ed in the middle of the Rings of Colours with- 
out any other PrefTure than that of the weight 
of the Glafs. And now meafuring the Diame- 
ter of the fifth dark Circle as accurately as I 
could, I found it the fifth. part of an Inch pre- 
cifely. This Meafure was taken with the points 
of a pair of CompafTes on the upper Surface 
on the upper Glafs, and my Eye was about 
eight or nine Inches diflance from the Glais^ 
almofl perpendicularly over it, arid the Glafs 
was 7 of an Inch thick, and thence it is eai^ to 
collect that the true Diameter of the Ring be-*' 
tween the Glailes was greater than its meafur'd 
Diameter above the GlafTes in the ProportioA 
of 80 to 79, or thereabouts, and by confequence 
equal to ^ parts of an Inch, and its true Semi- 
diameter equal to t* parts. Now as the Dia- 
meter of the Sphere (182 Inches) is to the 5c- 
roi-diameter of this fifth dark Ring (^ parts of 
an Inch) fo is this Semi-diameter to tJie thick-^ 
ne&of the Air at this £ifth durk Ring } whAchi^ 

there- 



BOOK IL 177 

tlicwfore -i,'-— or ^^, Parts of an Inch ; and 

56793 V 1774784 

the fifth Part thereof, viz. the «V Part of an 

•5739 

[nch, is the Thicknefs of the Air at the firfl 
Df thcfe dark Rings. 

The fame Experiment I repeated widi another 
iouble convex Obje(5t-glafs ground on both fidea 
;q one and the fan^ Sphere. Itjs Focus was di- 
Ijuit frora it i68i Inches, and therefore the Dia- 
Xiecer of that Sphere was 184 Inches. This 
Slafe being laid upon the fame, plain Glafs, 
he Diameter of the fifth of " the dark Rings/ 
/irhen the black Spot in their Center appeared 
jjiginly without preffing the Glafles, was by the 
oeajfure of the Compaues upon the upper Glafs 

ii J^arts of an Inch, and by confequencc be- 



^90 



ffccn the GlafTes it was — -^ : For the upperGlafa 



ras 4; of an Inch thick, and my Eye was diilant 
rocn it 8 Inches. And a third proportional to 
lalf this, from the Diameter ot the Sphere is 

5I— Parts of an IncL This is therefore the 
rhicknefs of the Air at this Ring, and a fifth 
^art thereof, viz. the gjj-^th Part of an Inch is 

he Thicknefs thereof at the firft of the Rmgs, as 
bove. 

I tried the fame Thing, bv laying thcfe Obje<a- 
;laffes upon flat Pieces ot a broken Looking- 
;lafs, and found the fame Meafures of the 
Ungis ; Which makes me rely upon them till 

N they 
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they can be determined more accurately by Glafles 
ground tO larger Spheres, though in fuch Glafles 
greater care muft be taken of a ttue Plane. 

Thefe Dimenfions were taken, when my Eye 
was placed almoft perpendicularly over the Glaf- 
fes, being about an Inch, or an Inch and a quar- 
ter, diftant from the incident Rays, and eight 
Inches diftant from theGlafs; fo that the Rays 
were inclined to the Glafs In an Angle of about 
four Degrees. Whence by the following Obfer- 
vation you will underftand, that had the Rays 
been perpendicular to the GlaflTes, the Thicknefs 
of the Air at thefe Rings would have been lefs in 
^ the Proportion of the Radius to the Secant of four 
Degrees, that is, of loooo to 10024. Let the 
ThickneflTes found be therefore diminifli'd in this 

Proportion, and they will become gj^ and ^^y 
or ( to ufe the neareft round Number ) the 
j^th Part of an Inch. This is the Thicknefs of 
the Air at the darkeft Part of the firft dark Ring 
made by perpendicular Rays; and half this Thick- 
nefs multiplied by the Progreffion^ i, 3, 5, 7, g^ 
II, &c. gives the Thickneffes of the Air at the 
moft luminousParts of all the brighteft Rings, viz. 

i78ooo> 178000 178000? 178000? ^^* ^^^ arithmc- 

2 ^ ^ 

tical Means jyg^^-^, -g^, ^j^^^ &c. being its 

Thickneffes at the darkeft Pans of all the dark 
ones. 
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Ohf.j. The Rings were Icaft, when my Eye 
was placed perpendicularly over theGlafles ip tnc 
Axis of the Rings: And when I view'd them 
obliquely they became bigeer, continually fwel- 
ling as I removed my Eye larther ifrom the Axis* 
And partly by medurmg the Diameter of the 
fame Circle at feveral Obliquities of my Eye, 
partly by other Means, as alfo by making ufe oi 
the two Prifms for very great Obliquities, I found 
its Diameter, and conlequently the Thicknefs of 
the Air at its Perimeter in all thofe Obliquities to 
be very nearly in the Proportions exprcfs'd ia 
this Table. 
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In the two firft Columns arc exprefs'd the Obli- 
quities of the incident and emergent Rays to the 
Plate of the Air, that is, their Angles of Inci- 
dence and Refradtion. In the third Column the 
Diameter of any coloured Ring at thofe Obliqui- 
ties is exprefled in Parts, of which ten conftitutc 
that Diameter when the Rays are perpendicular. 
And in the fourth Column the Thickncfs of 
the Air at the Circumference of that Ring is 
exprefled in Parts, of which alfo ten confti- 
tute its Thicknefs when the Rays are perpen- 
dicular. 

And from thefe Meafures I feem to gather 
this Rule: That the Thicknefs of the Air is pro- 
portional to the Secant of an Angle, whofe Sine 
is a certain mean Proportional between the Sines 
of Incidence and Refraftion. And that mean 
Proportional, fo far as by thefe Meafures I can 
determine it, is the firft of an hundred and fix 
arithmetical mean Proportionals between thofe 
Sines counted from the bigger Sine, that is, 
from the Sine of Refradtion when the Re- 
firadlion is made out of the Glafs into the 
Plate of Air, or from the Sine of Incidence when 
the Rcfradtion is made out of the Plate of Air 
into the Glafs. 

0^8. The dark Spot in the middle of the 
Rings incrcafed alfo by the Obliquation of the 
Eye, although almoft infenfibly. But, if inftead 
ot the Objeft-glaiTes the Prifms were made uip 
of, its Incrcafe was more manifeft when view^ 
fo obliquely that no Colours appear'd about 
iL It was leaft when the Rays were incident 
i&oft obliquely on the interjacent Air^ and as 

the 
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the obliquity decreafed it increafed more and 
more until the coloured Rings appeared, and 
then decreafed again, but not fo much as it in- 
creafed before. And hence it is evident, that 
the Tranfparency was not only at the abfolutc 
Contadt of the GlaiTes, but alio where they had 
fome little Intefval. I have fotnetimes obieryed 
the Diameter of that Spot to be between half 
and two fifth parts of the Diampter of the ex- 
terior Circumference of the red in the firft Cir- 
cuit or Revolution of Colours when viewed al- 
moft perpendicularly j whereas when view*d ob- 
liquely it hath wholly vanifh'd and become 
Opake and white like the oth^r parts of the 
Glafs; whence it may. be coUeded that the 
GUfTes did then fcvc?ly, or not at j^ll, touch 
one another, and that their Interval at the pc- 
riflieter of that Spot when view'4 perpendicu-* 
larly was about a fifth or fixth p^rt of their In- 
terval at the circunjference of the f^id red 

Objerv. 9, By looking through the two conti- 
guous Objedt-gliafTes, I found that the interja- 
cent Air exhibited Rings of Colours, as well 
by tranfmitting Light as by refleding it* The 
central Spot was now white, and from it the 
order of the Colours were yellowifh red; blacky 
viplet, blue, white, yellow, red; violet, blue, 
gr^en, yellow, red, 6f^. But thefe Colours 
were very faint and dilute, unlefs when the 
JLright was tr^jeded very obliquely through the 
Gl»fles: For by that means they became pretty 
vivid, Only the firft yellowifh red, like the 
blue in the fourth Obfervation, was fo little and 
famt as iparcely to hs difcem'd.* Comparing 

N 3 the 
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the colourM Rings made by Reflexion, with 
thefe made by tranfmiffion of the Light; I 
found that white was oppofite to black, red" to 
blue, yellow to violet, and green to a Compound 
of led and violet. That is, thofe parts of the 
Giafs were black when looked through, which 
when looked upon appeared white, and on the 
contrary. And fo thofe which in one cafe exhi- 
bited blue, did in the other cafe exhibit red. 
And the like of the other Colours. The man- 
ner you have reprefented in the third Figure, 
where A B, CD, are the Surfaces of theGlaOfes 
contiguous at E, and the black Lines between 
them are their Diftances in arithmetical Progref- 
fion, and the Colours written above are feen by 
refledted Light, and thofe below by Light tranl- 
mitted. 

• Obf. lo. Wetting the Objedk-glafles a little 
at their edges, the Water crept in flowly be- 
tween them, and the Circles thereby became 
lefs and the Colours ftiore faint : Infomuch that 
as the Water crept along, one half of them at 
which it firft arrived would appear broken oflf 
from the other half, and contradted into a lefs 
, Room. By meafuring them I found the Pro- 
portions of their Diameters to the Diameters of 
the like Circles made by Air to be about fevcn 
to eight, and confequently the Intervals of the 
Glaffes at like Circles, caufed by thofe two Me- 
dium? Water and Air, are as about three to fouf. 
Perhaps it may be a general Rule, That if any 
pther Medium more or lefs denfe than Water 
be comprefs'd- between the Glafles^ their Inter- 
vals at the Rings caufed thereby .wUl b? to their 

Interval? 
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Intervals caufed by inteijacent Air, as the Sines 
arc which meafure the Refradtion made out of 
that Medium into Air. 

OiJ. II. When the Water wa§ between the 
Glaffes, if I prefled the upper Glafs varioufly at 
its edges to make the Rings move nimbly from 
one -place to another, a little white Spot would 
immediately follow the center of them, which 
upon creeping in of the ambient Water into that 
place would prefently vanifti. Its appearance 
was fuch as interjacent Air would have caufed,^ 
and it exhibited the fame Colours. But it was 
not Air, for where any Bubbles of Air were in 
the Water they would not vanifh. The Refle^ 
xion muft have rather been caufed by a fubtiler 
Medium, which could recede through the Glaf» 
fes at the creeping in of the Water. 

Oif. 12. Thefe Obfervations were made In 
the open Air. But farther to examine the EfFefts 
of colour'd Light falling on the Glaffes, I dar^ 
ken'd the Room, and view'd them by Reflexion 
of the Colours of a Prifm caft on a Sheet of 
white Paper, my Eye being fo placed that I 
could fee the colour'd Paper by Reflexion in the 
Glafljbs, as in a Looking-glafs. And by this 
means the Rings became diftindter and vifible to 
a far greater number than in the open Air. I 
have fometimes feen more than twenty of thpm, 
whereas in the open Air I could not difcern abovq 
eight or nine. 

Objl J 3. Appointing an Affiftant to move the 
Prifm to and fro about its Axis, that all tho 
Colours might fucceffively fall pn that part of 
the Paper which I faw by Reflexion frpm rfiat 

N 4 par^ 
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ly made by the limits of the five principal Cch 
lours ( red, yellow, green, blue, violet ) in or- 
der ( that is, by the extreme red, by the limit 
of red and yellow in the middle of the orange, 
by the limit of yellow and green, by the limit 
of green and blue,- by the limit of blue and 
violet in the middle of the indigo, and by the 
extreme violet ) are to one another very nearly 
as the fixth lengths of a Chord which found the 
Notes in a fixth Major, fol^ la^ miy fa^ fol^ la. 
But it agrees fomething better with the Obferva- 
tion to fay, that the thickneflfes of the Air be- 
tween the Glaffes there, where the Rings ar^ 
fuccefliively made by the limits of the feven Co- 
lours, red, orange, yellow, green, blue, indi- 
go, violet in order, are to one another as the 
Cube Roots of the Squares of the eight lengths 
^lof * Chord, which found' the Notes in an eighth, 
fily /j, fay joly lay ml y fay fohy that is, as the 
Cube Roots of. the Squares of the Numbers, i, 

t fc i> 5) l> ^J 3- 

^^f ^5' Thefe Rings were not of various 
Colours lilce thofe made in the open Air, but 
appeared all over of that prifmatick Colour on-f 
ly with which they were illuminated. And by 
proje<aing the prifmatick Colours immediately 
upon the Glafles, I found that the Light which 
fell on the dark Spaces which vsrere between 
the colour'd Rings was tranfmitted through the 
Glafles without any variation of Colour, For 
on a white Paper placed behind, it would paint 
Rir^gs of the fame Colour with thofe which 
were refle^d, and of' the bignefs of their im- 
mediate Spaces, And from thei>ce the origin 

I of 
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of thefe Rings is manifeft j namely, that the Ajr 
between the Glafles, according to its various 
thicknefs, is difpofed in fome places to rcfleft, 
and in others to tranfmit the Light of any one 
Colour (as you may fee reprefented in the 
fourth Figure) and in the fame place to refledt 
that of one Colour where it tranfmits that of 
another. 

Obf. 16. The Squares of the Diameters of 
thefe Rings made by any prifmatick Colour were 
in arithmetical Progreflion, as in the fifth Ob- 
fervation. And the Diameter of the fixth Cir- 
cle, when made by the citrine yellow, and 

viewed almoft perpendicularly, was about -^ 

parts of an Inch, or a little lefs, agreeable to the 
fixth Obfervation. 

The precedent Obfervations were made with 
a rarer thin Medium, terminated by a denfer, 
fuch as was Air or Water comprefs'd between 
two Glafles. In thofe that follow arefet down 
the Appearances of a denfer Medium thin^d 
vnthin a rarer, fuch as are Plates of Mufcovy 
Glafs, Bubbles of Water, and fome other thin 
Subftances terminated on all fides with Air. 

Obf. 17. If a.BubWe be blown with Water 
firft made tenacious by diflTolving a little Soap 
in 'it, 'tis a common Obfervation, that after a 
while it will appear tinged with. a great variety of 
Colours. To defend thefe Bubbles from being 
digitated by the external Air (whereby their Co- 
lours are irregularly moved one among ano- 
ther, fo that no accurate Obfervation can be 
made of them,) as foon as I had blown anv of 
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them I covcr'd it witli a clear Glafs, and by that 
means its Colours emerged in a very regular 
order, like fo many concen trick Rings encom- 
paffing the top of the Bubble. And as the Bub^ 
ble grew thinner by the continual fubfiding of 
the Water, thefc Rings dilated flowly and over- 
fpread the whole Bubble, defcending in order to 
tne bottom of it, where they vanifh'd fuc- 
ceflively. In the mean while, after all the Co- 
lours were emerged at the top, there grew in the 
center of the Rings a fmall round black Spot, 
like that in the firft Obfervation, which con- 
tinually dilated it fclf till it became fometimes 
more than i or ^ of an Inch in breadth before 
the Bubble broke. At firft I thought there had 
been no Light reflefted from the Water in that 
place, but obferving it more curioufly, I faw 
within it feveral fmaller round Spots, which 
appeared much blacker and darker than the 
reft, whereby I knew that there was foroe Re- 
flexion at the other places which were not fo 
dark as thofe Spots. And by farther Tryal j 
found that I could fee the Images of fome 
things fas of a Candle or the Sun) very faintly 
refleftea, not only from the great black Spot, 
but alfo from the little darker Spots which were 
jvithin it. 

Befides the aforefaid colour'd Rings there 
ivould often appear fnull Spots of Colours, af^ 
cending and ddTcending up and down the fides 
pf the Bubble, by reafon of fomc Inequalities in 
fhe filbfiding oi the Water. And fometimes 
^all black Spots generated at the fides woul4 
J aiceii4 
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ftfcend up to thfe larger black Spot at the top of 
the Bubble, and unite with it. 

Obf. 18. Becaufe the Colours of thefc Bubbles 
were more extended and lively than thofe of the 
Air thinn'd between two Glaflts, and fo liiorc 
cafy to be diftinguifti'd, I ftiall here give you a 
farther defcription of their order, as they were 
obferv'd in viewing them by Reflexion of the 
Skies when of a white Colour, whilft a bladt 
fubftance was placed behind the Bubble, And 
they were thefe, red, blue; red, blue; rcd^ 
blue; red, green; red, yellow, green, blue, 
purple; red, yellow,, green, blue, violet; red, 
yellow, white, blue, black. 

The three firft SuccefTions of red and blue 
Were very dilute and dirty, efpecially the firft, 
where- the red feem'd in a manner to be White. 
Among thefe there was fcarce any other Coloui? 
fenfible befides red and blue, only the blues ( and 
principally the fecond blue) inclined a little to 
green. 

The fourth red was alfo dilute and dirty, but 
not fo much as the former' three ; after that fuc- 
ceeded little or no yellow, but a copious 
green, which at firft inclined a little to yellow^ 
and then became a pretty brisk and good wil- 
low green, and afterwards changed to a bluifh 
Colour ; but there fuccecded neither blue nor 
violet. 

The fifth red at; firft inclined very much to 
purplcj and afterwards became more, bright 
and brisk, but yet not very pure. This was 
fucceeded with a very bright and intenfe yel- 
low, which was but little in quantity, and foon 

chang'd 
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changed to green: But that green was copioufi 
and fomething more pure, deep and lively, than 
the former green. After that follow'd an ex- 
cellent blue of a bright Sky-colour, and then a 
purple, which was lefs in quantity than the blue, 
and much inclined to red. 

The fixth. red was at firft of a very fair and 
lively fcarlet, and foon after of a brighter Co- 
lour, being very pure and brisk, and the beft 
of all the reds. Then after a lively orange fol- 
lowed an intenfe bright and copious yellow, 
which was alfo the beft of all the yellows, and 
this changed firft to a greenifh yellow, and then 
to a greenifh blue ; but the green between the 
yellow and the blue, was very little and dilute, 
feeming rather a greenifh white than a green. 
The blue which fucceeded became very good, 
and of a very fair bright Sky-colour, but yet 
fomething inferior to the former blue; and the 
violet was intenfe and deep with little or no 
rednefs in it. And lefs in quantity than the 
blue. 

In the laft red appeared a tindhire of fcarlet 
next to violet, which foon changed to a bright- 
er Colour, inclining to an orange j and the yel- 
low which follow'd was at firft pretty good 
and lively, but afterwards it grew more dilute, 
until by degrees it ended in perfedt whitenefs. 
And this whitenefs, if the Water was very te- 
nacious and well- tempered, would flowly fpread 
and dilate ittfelf over the greater part of the 
Bubble; continually growing paler at the top, 
where at length it would crack in knany places, 
Vid thofe cracks^ as they dilated^ would appear 

of 



B O O K IL i9» 

6f a pretty good, but yet obfcure and dark 
Sky-colour; the white between the blue Spots 
diminiflaing, until it refembled the Threds of 
an irregular Net-work, and foon after vanifh'd, 
and left all the upper part of the Bubble of the 
faid dark blue Colour. And this Colour, after 
the aforefaid manner, dilafed it felf downward^ 
until fometinaes it hath overfpread the whole 
Bubble. In the mean while at the top, which 
was of a darker blue than the bottom, and ap^ 
pear'd alfo full of many round blue Spots, fome- 
thing darker than the reft, there would emergfc 
one or more very black Spots, and within thole, 
other Spots of an intenfer blacknefs, which I 
mention'd in the former Obfervation ; and thele 
continually dilated thcmfelves until the Bubble 
broke. 

If the Water was not very tenacious, the black 
Spots would break forth in the white, without 
any fenfible intervention of the blue. And fomc- 
times they would break forth within the precc^ 
dent yellow, or red, or perhaps within the blue 
of the fecond order, before the intermediate Co- 
lours had time to difplay themfelves. 

By this defcription you may perceive how great 
an affinity thefe Colours have with thofe ot Air 
defcribed in the fourth Obfervation, although 
fet down in a contrary order, by reafon tMt 
they begin to appear when the Bubble is thicks- 
eft, and are moft conveniently reckoned from 
the loweft and thickeft part of the Bubble up^- 
wards. 

Obf. 19. Viewing in feveral oblique Pofitions 
of my Eye the Rings of Colours emerging on 

the 
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die top of the Bubble, I found that they wew 
fenfibly dilated by increafing the pbliquity, but 
yet not fo much by far as thofe made by thinn'd 
Air in the feventh Obfervation. For there they 
were dilated fo much as, when view'd mod ob- 
liquely, to arrive at a part of the Plate more than 
twelve times thicker than that where they ap- 
pear'd when viewed perpendicularly ; whereas in 
this cafe the thicknefs of the Water, at which 
they arrived when viewed moft obliquely, was to 
that thicknefs which exhibited them by per- 

Sendicular Rays, fomething lefs than as 8 to 5. 
y the bcft of my Obfervations it was between 
15 and 15 ; to 10 ; an increafe about 24 times lef^ 
than in the other cafe*. 

Sometimes the Bubble would become of an 
uniform thicknefs all over, except at the top of 
it near the black Spot, as I loiew, becaufe it 
would exhibit the fapie appearance of Colours 
in all Pofitions of the Eye. And then the Co- 
lours which were feen at its apparent circumfe- 
rence by the obliqued Rays, would be different 
from thofe that were feen in other places, by 
Rays lefs oblique to it. And divers Spedlators 
might fee the fame part of it of differing Co- 
lours, by viewing it at very differing Obliquii* 
ties. Now obferving how much the Colours at 
die fame places of the Bubble, or at divers plor 
ces of equal thicknefs, were varied by the fe- 
vcral Obliquities of the Rays; by the afliftance 
of the 4th, 14th, 1 6th and i8th Obfervations^ 
as they are hereafter explained, I colleft cbc 
thicknefs of the Water requifite to exhibit /any 
one and the fame Colour, at feveral Obliqiwtiofi, 

to 
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to be very nearly in the Proportion expreilibd in 
this Table. 



Incidence on 
the Water. 


Rejra&ion into 
the Water. 


Tbicknefs of 
the Water. 


Deg. Min. 
OD 00 


Deg. Min. 
00 00 


10 


15 00 


II II 


loj 


30 00 

45 00 
60 00 

75 00 
90 00 


22 I 
32 2 
40 30 • 

46 25 
48 35 


lot 

m 

i4i 

i5t 



In the two firfl: Columns are cxprcfs'd the 
Obliquities of the Rays to the Superficies of the 
Water, that is, their Angles of Incidence and 
Refraaion. Where I fuppofe, diat the Sines 
which pieafure them are in round Numbers, as 
3 to 4, though probably the Diflblution of Soap 
in the Water, may a little alter its refraaive 
Virtue. In the third Colunm, the Thicknefs of 
the Bubble, at which any one Colour is exhibit- 
ed in thofe feveral Obliquities, is exprefs'd in 
Parts, of which ten conftitute its Thicknefs when 
the Rays are jperpendicular. And the Rule 
found by the feventh Obfervation agrees well 
with thefe Meafures, if duly apply'd ; namel7, 
that the Thicknefs of a Plate ot Water requifite 
to exhibit one and the fame Colour at feveral 
Obliquities of the Eye, is proportional to the 
SecJant of an Angle, whofe Sine is the firft of an 
hundred and fix arithmetical mean Proportion 
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rtals between the Sines of Incidence and Refraftiort ' 
counted from the Icfler Sine, that is, from the 
Sine of Refradlion when the Refradlion is made 
out of Air into Water, otherwife from the Sine 
of Incidence. 

I have fometimes obferv'd, that the Colours 
which arife on polifti'd Steel by heating it, or on 
Bell-metal, and fome other metalline Sub- 
ftances, when melted and pour'd on the Ground, 
whejre they may cool in the open Air, have, like 
the Colours of Water-bubhles, been a Iktle 
changed by viewing them at divers Obliquities, 
and particularly that a deep blue, or violet, 
when view'd very obliquely, hath been changed 
to a deep red. But the Changes of thefe Co- 
lours are not fo great and fenlible as of thofe 
made by Water. For the Scoria, or vitrified Part 
of the Metal, which moft Metals when heated or 
melted do c(«itinually protrude, and. fend out 
to their Surface, and which by covering the 
Metals in form of a thin glafly Skin, caufes 
thefe Colours, is much denfer than Water ; and 
I find that the Change made by the Obliquation 
of the Eye is leaft in Colours of the denfeft thin 
Subftances. 

Obf. 20. As in the ninth Obfervation, fo here, 
the Bubble, by tranfmitted Light, appeared of a 
contrary Colour to that which it exhibited by 
Reflexion. Thus when the Bubble being look'd 
'on by the Light of the Cloods refledted from 
it, feemed red at its apparent Circumference, 
if the Clouds at the fame tiiiite, or immediately 
after, were vicw'^d through it, the Colour at its 
Circumference would be blue. And, -on the 

^" . contrary. 
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tofttfaty, when by fefledtcd Light it appeared 
blue, it would appear red iDy tranfmitted Light. 

Obf. 21. By wetting very thin JPlates of MuJ^ 
€Ovy Glafs, whofe thinnefs made the like Co^ 
lours appear, the Colours became more faint and 
languid y efpecially by wetting the Plates 'on 
that fide oppofite,to the Eye: But I colild n6t 
perceive any variation of theif Species. So thert 
the thieknefs of a Plate requifite to produce 
any Colour^ depends only on the denfity of the 
Plate, and not on that of the ambient Medium* 
And hence j by the loth and i6th Obfervatlons^ 
may be known the thieknefs which Bubbles of 
Water, or Plates of Mufcovy Glafs, or othef 
Subftances , have at any Colour produced by 
them. 

Obf. 2i. A thih tranfpdrent Body, which is 
denfer than its ambient Medium, exhibits more 
brisk and vivid Colours than that which is fcJ 
much rarer; as I have particularly obferved in 
the Air and Glafs. For blowing Gtafs very thin 
at a Lamp Furnace, thofe Plates cncompafled 
with Air did exhibit Colours much more vivid 
than thofe of Air made thin between two Glaf- , 
fes. , 

'Obf. 23. Comparing the quantity of Light 
refledled from the feveral Rings, I found that 
it was moft copious from th6 firfl ot inmoft, 
and jn the exterior Rings bfecame gradually lefi 
and lefs. Alfo the whitenefs of the firft Ring 
was ftronger than that refledled from thofe 
^arts of the thin Medium or Plate which Were 
without the Rings; as I could manifeftly per- 
ceive by viewing at u diftancc the Rings made 

O a M 
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by the two Objedt-glaffes ; or by comparing two 
Bubbles of Water blown at diftant Times, in the 
firft of which the Whitenefsappear'd, which fuc- 
ceeded all the Colours, and in the other, the 
Whitencfs which preceded them all. 

Obf. 24. When the two Objea-glafles were 
ky'd upon one another, fo as to ihake the Rings 
of the Colours appear, though with my naked Eye 
I could not difcern above eight or nine of thofe 
Rings, yet by viewing them through a Prifm I 
have feen a far greater Multitude, infomuch that 
I could number more than forty, befides many 
others, that were fo very fmall and clofe together^ 
that I could not keep my Eye fteady on them fe- 
verally fo as to number them, but by their 
Extent I have fometimes eftimated them to be 
more than an hundred. And I believe the Expe- 
riment may be improved to the Difcovery of ^ far 
greater Numbers. For they feem to be really un- 
limited, though vifiblep only fo far as they can be 
feparated by the Refradion of thePrifm, as I ihall 
hereafter explain. 

But it was but one fide of diefe Rings^ namely, 
that towards which the Refradipn was made, 
which by that Refraftion was rendered diftinc^, 
and the other fide becani^ more conkifed than 
when view'd by the naked Eye, infomuch that 
there I could not difcern above one or two, 
^nd fometimes nono of thofe Rings, of which 
I could difcern eight or nine with my naked 
Eye. And their Segments or Arcs, which on 
tne other fide appeared fp finmerous, for. th£ 
xnoft part cx;ceeaed not the third Part, of a CiV* 
de. If ch$ Rjefra^kion was very great, or the 

Prifm 
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Prifm very diftarit from the OKjed-glafles, tlfc 
middle Part of thofe Arcs becaipe alfa confu- 
ted, fb as to disappear and conflicute kn evgki 
"Whitenefs, whilft dh either fide thcjr EfidsJ tfs 
alfo the whole Arcs fartheft. from dhe Center, 
became diftinder ^han beliSe,^ Appearing' in ^he 
Fonri as you fee-them defi^d^ fti xhc fifth Fi- 
gure. •■"' • . .• -J 7; 'l '■ '• -•* . 

The Arcs, where they feem'd diftinftcft, • wctt 
only white and black fucceffively, without any 
other Colours intermixed. But in other Places 
there appeared Colours, whofe Order was inverted 
by the Refraftion in fuch manner, that if I firft 
held the Prifm very near the Objedt-glaffes, and 
then gradually, removed it farther off towards my 
Eye, the Colours of the 2d, 3d, 4th, and fol- 
lowing Rings {hrunk towards the white that 
emerged between them, until they wholly va- 
nifh'd into it at the middle of the Arcs, and 
afterwards emerged again in a contrary Order. 
But at the Ends of t£^ Arcs they ret»in'd their 
Order unchanged. 

I have fomeumes fo lay'd ■ one Objed-glafs 
upon the othcr^ that to the nalied Eye they 
have all over ieeoi-d uniformly white, without 
the leaft Appearance of any of the colour'd 
Rings } and yet by viewing them through a 
Priftn, great Multitudes of thofe Rings have 
difcover'd themfelves. And in like manner 
Plates of Mufcovy Glafs, and Bubbles of Glaft 
blown at a Lamp-Furnace, which were not fo 
thin as to exhibit any Colours to the naked Eye^ 
have through the Prifm exhibited a great Va-' 
jricty of them ranged irregularly up and down in 

O 3 the 
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the Form of WavcSt And fo Bubbles of Watpr, 

before they began to exhibit their Colours to the 

naked Eye of aBy-ftpnder, have apppared through 

,* Priirp, girded abqut with many parallel and 

.}ioriz0ntal Rioggj to produce which EfFed, it 

■ WpS'ineceflary to ,hf^d the Prifm parallel, or 

yery nearly parallel tp the Horizon, arid tp 

difpofe it fo that the Rays might be refradled 

jup^i^ards. : 
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PART 11. 



Remarks upon the foregoing Obfervations. 

A V I N G given my Obftrvations 
of thefe Colours, before I make 
life of them to unfold the Caufcs 
of the Colours of natural Bodies, 
it is convenient that by the fim- 
pleft of them,fuch asare the 2d, 3d, 
4th, 9th, 1 2th, 1 8th, 20th, and 24th,^ I firft ex- 

O 4 * plaiij 
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'7^P^ the more compounded. And firft to fhew 
^"*Tiow the Colours in the fourth and ciehteenth 
Obfervations are produced, let there be uken in 
any Right Line from the Point Y, [in Fig.6.] the 
Lengths YA, YB, YC, YD, YE, YF, YG, YH, 
in proportion to one another, as the Cube-Roots 
of the Squares of the Numbers, ;, ^5, p |, i, |, $, i, 
whereby the Lengths of aMufical Chord to found 
all the Notes in an eighth are reprefented^ that 
is, in the Proportion of the Numbers 63cnD, 6814, 
71 14, 7631, 8255, 8855, 9243, loooo. And 
at the Points A, B, C, D, E, F, G, H, let Perpen- 
diculars A a, B j8, &c. be eredted, by whofe In- 
tervals the Extent of the feveral Colours fet under- 
neath againft them, is to be rcprefented. Then 
divide the Line Aot in fuch Proportion as the 
Numbers i, 2, 3, 5, 6, 7, 9, 10, 1 1, &c. fet at 
the Points of Divifion denote. Afid through 
thofe Divifions from Y draw Lines 1 1, 2 K, 3 L, 
5M, 6N, 7O, &c. 

Now, if A 2 be fuppofed to reprefent the 
Thicknefs of any thin tranfparent Body, at which 
the outmoft Violet is moft copioufly reflefted 
in the firft Ring, or Series of Colours, then by 
the 13th Obfervation, HK will reprefent its 
Thicknefs, at which the utmoft Red is moft co- 
pioufly refledted in the fame Series. Alfo by 
the 5th and i6th Obfervations, A 6 and HN 
will denote the Thickneflcs at which thofe ex- 
treme Colours arc moft copioufly reflected in 
the fecond Series, and A 10 and HQjhc Thick- 
Be0es at which they are moft copioufly refledt- 
cd in the. third Series, and fp on. And the 
Tfeickncfs at wjiich ?my of the intermediate Co- 
I lours 
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iours arc reflcfted moft copioufly, will, accor- 
ding to the 14th Obfervation, be defined by the 
diftance of the Line AH from the intermediate 
parts of the Lines 2 K, 6N, 10 Q, &c. againft 
which the Names of thofe Colours are written 
below. 

But farther, to define the Latitucffe of thefe 
Colours in each Ring or Series, let A i deiigii 
the leaft thicknefs, and A 3" the jgreatefl thick- 
nefs, at which the extreme violet in the firfl 
Series is refledled, and let HI, and HL, dc- 
lign the like limits for the extreme red, and let 
the interofcdiate Colours be limited by the in- 
termediate parts of the Lines il, and 3L, a- 
gainfl which the Names of thofe Colours arc 
written, and fo on: But yet. with this caution, 
that the Reflexions be fuppofed flrongcft at the 
intermediate Spaces, 2K, fr-N, loQ, Q^r. and 
from thence to decreafe gradually towards thefe 
limits, 1 1, 3L, 5M, 7O, &c. on either fidcj 
where you mufl not cohceive them to be pre- 
cifely limited, but to decay indefinitely. And 
whereas I have affign'd the fame Latitude to e- 
very Series, I did it, becaufe although the Co- 
lours in the firfl Series feem to be a little broad- 
er than the refl, by reafon of a ilronger Re- 
flexion there, yet that inequality is fo infenfi^ 
ble as fcarcely to be determined by Obferva- 
tion. 

Now according to this Defcription, concei- 
ving that the Rays originally of feveral Colours 
are by turns refledled at the Spaces il L3, 5M 
O7, 9P R 1 1, ,&c. and tranfmitted at the Spaces 
AHIr, 3LM5, 7OP9, &c. it is eafy to know 
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what Coloyr muft in the open Air be exhi- 
bited at any thicknefs of a tranfparcnt thin Bo- 
dy. For if a Ruler be applied parallel to AH, 
at thatdiftance from it by which the thicknefs 
of the Body is reprefented, the alternate Spaces 
1IL3, 5MO7, Gfr. which it croiTeth will de- 
note the #efled:ed original Colours, of which 
the Colour exhibited in the open Air is com- 
pounded. Thus if the conftitution of the green 
m the third Series of Colours be defired, apply 
the Ruler as you fee at t p (x f , and by its pafling 
through fome of the blue at 7r and yellow at <t, 
as well as through the green at ^; yoi^may con- 
clude that the green exhibited at that thickiiefs of 
the Body is principally conftituted of original 
green, but not without a mixture of fome blue 
and yellow. 

By this means you may know how the Co- 
lours froni the center or the Rings outward 
ought to fuccoed in order as they were defcri- 
bed in the 4th and i8th Obfervations. For if 
you move the Ruler gradually from AH through 
all diftanccs, having paf^'d over the firft Space 
which denotes little or no Reflexion to be made 
by thinneft Subftances, it will firft arrive at i the 
violet, and then very quickly at the blue and 
green, which together with that violet com- 
pound blue, and then at the yellow and red, by 
whofe farther addition that blue is converted 
into'whitenefs, which whitenefs continues du- 
ring the tranfit of the edge of the Ruler from 
.1 to 3, and after that by the fuccefliVe deficir 
cnce of its component Colours, turns firft to 
cpmpound yellow, and then to red, and Ijift of 
3 all 
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;all the red ceafeth at L. Then begin the Co- 
lours of the fecond Scries, which fucceed in 
order during the tranfit of the edge of the 
Ruler from 5 to O, and Sire more lively than 
before , becaufe more ejc'panded and fevered. 
A^^d for the fame reafon, inftead of the former 
white there intercedes between >ht blue and 
yellow a mixture of orange, yellow, green, 
J)lue and indigo, all v«IHch together .ought to 
exhibit a dilute and im.perfeft green. So the 
Colours of the third Series all fucceed in or- 
der ^ firft, the violet, which a little interferes 
with the red of the fecond order, and is there- 
by inclined to a reddiih purple; then the blue 
and green, which are lefs mix'd with other 
(Colours, and confequently more lively than be- 
fore, efpecially the green: Then follows th6 
yellow, fome of which to\yard$ thp gr^en is di-^ 
ftindt and good, but that part of it towards the 
fucceeding red, as alfo that red is mix'd with 
the violet and blue of the fourth Series, where- 
by various degrees of red very much inclining 
to purple are compoimded. This violet and 
blue, which fhould fucceed tliis red, being mix- 
ed with, and hidden in it, there fUcceeds a 
green. And this at firft is much inclined to 
blue, but foon becomes a good green, the on- 
ly unmix'd and lively Colour in this foifrth Se- 
ries. For as it verges towards the- yellow, it 
begins to interfere with the Colours of the fifth 
Series, by whofe mixture the fucceeding yel- 
low and red are very much diluted and made 
dirty, efpecially the yellow, which being the 
weaker CqIpM^ is f^arce able to fliew it felfi 

After 
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After this the feveral Scries interfere more and 
more, and their Colours become more and more 
intermixed, till after three or four more revo- 
lutions (in which the red and blue predominate 
by turns) all forts o£ Colours are in all places 
pretty equally blended, and compound an even 
whitenefs. ' 

And fince by the i Cth Obfervation the Rays 
endued with one Colour are tranfmitted, where 
thofe of another Colour are refleSed, the reafoit 
of the Colours made by the tranfmitted Light in 
the 9th and 20th Obfervations is from hence 
evident. 

If not only the Order and Species of thefe 
Colours, but alfo the prccife thicknefs of the 
Plate, or thin Body at which they are exhibited, 
be defired in parts of an Inch, that maybe alfo 
obtained by affiftance of the 6th or i6th Obfer- 
vations. For according to thofe Obfervations 
die thicknefs of the thinned Air, which be- 
tween two Glafles exhibited the moft luminous 

parts of the firft fix Rings were ^^^^55^ TtAsS, 

,7^, It^S, 77fc>, TySoSS P^^^^ ^f ^ I^^h. 
Suppofe the Light reflcdled moft copioufly at 
thefe thickneffes be the bright citrine yellow, 
or confine of yellow and orange, and thefe thick- 
neffes will be Fa, F^, Fr, F|, Fo, F?. And 
this being known, it is eafy to determine what 
thicknefs of Air is reprcfented by G(p, or by any 
other diftance of th^ Ruler from AH. 

But farther, fince by the loth Obfervation the 
^thicknefs of Air was to the thicknefs of Water, 

which 
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which between the fame Glafles exhibited the 
fame Colour, as 4 to 3, and bv the zift'Ohftr- 
vation the Colours of thin Boaies are not varied 
by varying the ambient Medium; the thick- 
nefs of a Bubble of Watcr> exhibiting any Co- 
lour, will be I of the thicknefs of Air produ- 
cing the fame Colour. And fo according to 
the fame loth and 2 ift Obfervations^ the thick- 
nefs of a Plate of Glafs, whofe Refraction of 
the nfean refrangible Ray, is meafured by the 
proportion of the Sines 3 1 to 20, may be ^i of . 
the thicknefs of Air producing the fame Co- 
lours; ?Lnd the like of other Mediums. I do 
not affirm, that this proportion of 20 to jr, 
holds in all the Rays; for the Sines of otncr 
forts of Rays have other Proportions. But the 
differences of thofe Proportions are fo little 
that r do not here coniiaer them. On thefe 
Grounds r have compofed the following Table^ 
wherein the thicknefs of Air, Water, and Glafs, 
at which each Colour is moft intenfe and fpeci- 
fick, is exprefled in parts of an Inch divided in- 
to ten hundred thouiand equal parts. 
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J'be tbicknefs of coloured Plates and Particles of 



I ''Very black 
Black . 
Beginning of 

'ihciruoioursorinej,., ^^^^ 



firft Order, 



'<;-Blue 
1 White 
Yellow 
I Orange 
VRed 



r Violet 
v Indigo 
ABlue 

Of thcfecond Order, /Green 
^Ycllow 
/Orange 
/ Bright red 
V^ Scarlet 

► Purpld 
Indigo 
Blue 
Green 

\ Yellow 
Red 
Bluifli red 



Of the third Order^ 



Of the fotinh Order, < 



t — 



Bluifh green 
'Green 
' Yellowiih green 

Red 

OfthI fifth Orfer.{j^^^"°^ 

■ 

^r L i* u y%_j fGreenifli blue 
Of the fixth Order, < j(^ 

pf the ferenth Or- rGreenifli blue 
der, \K.iiddy white 



Air. 



5i 
H 
8 

9 



12+ 

^9} 



34 
J 54 

4of 



— '•^ 

Wattr. 






8f 
9f 

'It 

^4 



*5r 
a? 



G//7/?. 






5r 
4f 
5t 
J? 



7t 
Stt 

lof 
n> 

'*f 



ZI 


i5i 


22tV 


*3f 


I7i.^ 


«5f 


;8t's- 


»7i 


ao> 


19 


2li 
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Now if this Table be compared with the 6th 
Scheme, you will there fee the conftitution of 
each Colour, as to its .Ingredients, or the ori- 
ginal Colours of. which it is compounded, and 
thence be enabled to judge of its Irttenfenefs or 
Imperfedtion ; which may fuffice in explication 
of the 4th and i8th Obfervations, unlefs it be 
farther delired to delineate the manner how 
the Colours appear, when the two Objeft-glaf- 
fes are laid upon one another. To do which, 
let there be dcfcribed a large Arc of a Circle, 
and a ftreight Line which may touch that Arc, 
and parallel to that Tangent feveral occult 
Lines, at fuch diftances from it, as the Num- 
bers fet againft the feveral Colours in the Ta- 
ble denote. For the Arc, and its Tangent, will 
reprefent the Superficies of the Glaffes termi- 
nating the interjacent Air; and the places where 
the occult Lines cut the Arc will fho\<r at what 
diftances from the center, or Point of contact, 
each Colour is refleflpd. 

There are alfo other Ufes of this Table : For 
by its afliftance the thicknefs of the Bubble in 
the 19th Obfervation was determined by the Co- 
lours which it exhibited^ And fo the bignefs of 
the parts of natural Bodies may be conje- 
iftured by their Colours, as (hall be hereafter 
fliewn. Alfo, if two or more very thin Plates 
be laid one upon another, fo as to compofe one 
Plate equalling them all in thicknefs, the refult- 
ing Colour may be hereby determined. For in- 
ftance, Mr. Hook obfervcd, as is mentioned in 
his Micrographiay that a faint yellow Plate of 
Mufcovy Glafs laid upon a blue one, conftituted 
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a very deep purple. The yellow of the iirft Or- 
der is a faint one, and the thickncfs of the Plate 
exhibiting it, according to the Table is 4|, to 
which add 9, the thicknefs exhibiting blue of 
the fecond Order, and the Sum will be 13I, 
which is the thicknefs exhibiting the purple of 
the third Order, 

To explain, in the next place, the circum- 
ftances of the 2d and 3d Obfervations ; that is, 
how the Rings of the Colours may ( by turning 
the Prifms about their common Axis the con- 
trary way to that exprefled in thofe Obferva- 
tions) be converted into white and black Rings, 
and afterwards into Rings of Colours again, the 
Colours of each Ring lying now in an inverted 
order; it muft be remember'd, that thofe Rings 
of Colours are dilated by the obliquation of the 
Rays to the Air which intercedes the Glafles, 
and that according to the Table in the 7th Ob- 
fervation, their Dilatation or Increafe of their 
Diameter is moft manifeft and fpeedy when 
they are obliqueft. Now ^ the Rays of yellow 
being more refrafted by the firft Superficies of 
the faid Air than thofe of red, are thereby 
made more oblique to the fecond Superficies, 
at which they are refleded to produce the co- 
lour'd Rings, and confequently the yellow Cir- 
cle in each Ring will he more dilated than the 
red ; and the Excefs of its Dilatation will be fo 
much the- greater, by how much the greater is 
the obliquity of the Rays, until at laft it be- 
come of equal extent with the red of the fame 
Bing. And for the fame reafon the green, blue 
and violet, will be alfo fo much dilated by the 

ftUl 
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ftill greater obliquity of their Rays, as to be- 
come all very nearly of equal extent with ths 
red, that is, equally diftant from the center of 
the Rings. And then all the Colours qf the 
fame Ring muft be coincident, and by their 
mixture exhibit a white Ring. And thefe white 
Rings muft have black and dark Rings between 
them, becaufe they do not fpread and interfere 
with one another, as before. And for that rea- 
fon alfo they niuft become diftindter, and vifible 
to far greater^ numbers. But yet the violet be- 
ing obliqueft will be fomething more dilated, 
in proportion to its extent, than the other Co- 
lours, and fo very apt to appear at the exterior 
Verges of the white. 

Afterwards, by a greater obliquity of the ' 
Rays, the violet and blue become more fenfibly 
dilated than the red and yellow, and fo being 
farther removed from the center of the Rings, 
the Colours muft emerge out of the white in an 
order contrary to that which they had before; 
the violet and blue at the exterior Limbs of 
each Ring, and the red and yellow at the in- 
terior. And the violet, by reafon of the great- 
eft obliquity of its Rays, being * in proportion 
moft of all expanded, will fooneft appear at 
the exterior Limb of each white Ring, and be- 
come more confpicuous than the reft; And the 
feveral Series of Colours belonging to the feve- 
ral Rings, will, by their unfolding and fpread- 
ing, begin again to interfere, and thereby ren- 
der the Rings lefs diftindt^ and not vifible to fa 
great numbers. 

P \i 
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If inftead of the Prifms the Objed-glafies be 
made ufe of, the Rings which they exhibit be- 
come not white and diftinft by the obliquity of 
the Eye, by reafon that the Rays in their paflage 
through that Air which intercedes the Gla£s 
are very nearly parallel to thoft Lines in which 
they were firft incident on the Glaffes, and con- 
fequently the Rays endued with feveral Colours 
are not inclined one more than another to that 
Air, as it happens in the Prifms. 

There is ye^ another circumfbance of thefe 
Experiments to be confider'd, and that is why 
the black and white Rings which when view'd 
iat a diftance appear diftindt, fhould not only be- 
come confufed by viewing them near at hand, 
'but alfo yield a violet Colour at both the. edges 
of every white Ring. And the reafon is, that 
the Rays which enter the Eye at feveral parts 
of the Pupil, have feveral Obliquities to the Glaf- 
fes, and thofe which are moft oblique, if confi- 
der'd apart, would reprefent the Rings bigger 
than thofe which are the leafl oblique. Whence 
the breadth of the Perimeter of every white 
Ring is expanded outwards by the obliquefb 
Rays, and inwards by the leaft oblique. And 
this Expaniion is fo much the greater by how 
much the greater is the difference of- the Obli- 
quity s that is, by how much the Pupil is wider, 
or the Eye nearer to the Glaflcs. And tl» 
breadth of the violet muft be moft expanded, 
becaufe the Rays apt to excite a Senmion of 
that Colour are moft oblique to a fecood or 
farther Superficies of the, thinn'd .Air at whidt 
they are reflected, and have alfo the greateft 

varia- 
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variation of Obliquity, which makes that Co- 
lour fooneft emerge out of the edges of the 
white. And as the> breadth of every Ring is 
thus augmented, the dark Intervals muft l^ di- 
minifh'd, until the neighbouring Rings become 
continuous, and are blended, the eiterior firft, 
and then^thofe nearer the center; fo that they 
can no longer be diftinguifh'd apart, but feem to 
conftitute an even and uniform whitenefs. 

Among all the Obfervations there is none ac- 
companied with fo odd circumftances as the 
twenty-fourth. Of thofe the principal are, that 
in thin Plates, which to the naked Eye feem of 
an even and uniform tranfparent whitenefs^ 
without any terrjiinations of Shadows, the Re- 
fradlion of a Prifm (hould make Rings of C<>- 
lours appear, whereas it ufually makes Objedbi 
appear colour'd only there where they are ter- 
minated with Shadows, or have parts unequal- 
ly luminous J and that it fliould make thofe 
Kings exceedingly diftindl and white, although 
it ufually renders Objefts confufed and colour- 
ed! The Caufe of thefe things you will under- 
ftaild by confidering, that all the Rings of Co* 
lours are really in the Plate, when view'd with 
the naked Eye, although by reafon of the great 
breadth of their Circumferences they fo much, 
interfere and are blended together, that they 
feem to conftitute an uniforni whitenefs. But 
when the Rays pafs through the Prifm to the 
Eye, the Orbits of the feveral Colours in every 
Ring are refraded, fome more than others, ac- 
cording to their degrees of Refrangibility : By 
which means^ the Colours on one fide of the 

P 2 ^v^% 
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Ring (that is in the circumference on one fide of 
its center, ) become more unfolded and dilated, 
and thofe on the other fide more complicated and 
contrafted. And where by a due Refraftion they 
are fo much contraftcd, that the feveral Rings 
become narrower than to interfere with one ano- 
ther, they muft appear dift:in6t, and alfo white, 
if the conftituent Colours be fo much contrafted 
as to be wholly coincident. But on the other 
fide, where the Orbit of every Ring is made 
broader by the farther unfolding of its Colours, 
it muft interfere more with other Rings than be- 
fore, and fo become lefs diftindt. 

To explain this a little farther, fuppofe the 
concentrick Circles A V, and B X, [in Fig. 7.] 
reprefent the red and violet of any Order, 
which, together with the intermediate Colours, 
conftitute any. one of thefe Rings, Now thefe 
being view'd through a Prifm, the violet Circle 
B X, will, by a greater Refraftion, be farther 
tranflated from its place than the red A V, and 
fo approach nearer to it on that fide of the Cir- 
cles, towards which the Refraftions are made^ 
For inftance; if the red be tranflated to av, 
the violet may be tranflated to ^ x, fo as to ap- 
proach nearer to it at x than before ; and if the 
red be fanher tranflated to av, the violet may 
be fo much farther tranflated to b x as to con- 
vene with it at X3 and if the red be yet farther 
tranflated to <t T, the violet may be ftill fo much 
farther tranflated to /? ^ as to pafs beyond it at 
I, and convene with it at e andyi And this 
being underftood not only of the red and vio- 
let, but of atl the other intermediate Colours^ 

and 
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and alfo of every revolution of thofe Colours/ 
you will eafily perceive how^ thofe of the fame 
revolution or order, by their nearnefs zt xv 
and T ^, and their coincidence at x v, e and Jl 
ought to conftitute pretty diftinft Arcs of Cir- 
cles, efpecially at x v, or at e and /-, and that 
they wrill appear feverally at x v, and at x v ex- 
hibit whitenefs by their coincidence, and again 
appear feveral at T ?, but yet in a contrary or- 
der to that which they had before, and ftill re- 
tain beyond e znd f. But on the other fide, 
at a by a b, or <t ^, thefe Colours muft become 
much more confufed by being dilated and fpread 
fo as to interfere witn thofe of other Orders. 
And the fame confufion will happen at T ^ be- 
tween e ^nd fy if the Refradtion be very great, 
or the Prifm very diftant from the Objed-glaf- 
fes : In which cafe no parts of the Rings will 
be feen, fave only t\w little Arcs at.^ andyj 
tvhofe diftance from one another will be aug- 
mented by removing the Prifm ftill farther fronx 
the Objedt-glafTes : And thefe little Arcs muft 
be diftindteft and whiteft at their middle, and 
at their ends, where they begin to grow con- 
fufed, they muft be colour'd. And the Colours 
at one end of every Arc muft be in a contrary 
order to thofe at the other end, by reafon that 
they crofs in the intermediate white ; namely, 
their ends, which verge towards T |, will be 
red and yellow on that fide next the center, 
and blue and violet on the other fide. But 
their other ends which verge from T^, will on 
jthe contrary be blue and violet on that fide to- 

P 3 ♦ wards 
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wafd^ the center, and on the other fide red and 
yellow. 

Now as all thefe things follow from the pro- 
perties of Light by a mathematical way of rea- 
loning, fo the truth of them may be manifefted 
by Experiments. For in a dark Room, by view- 
ing thcfe Rings through a Prifm, by reflexion 
of the feveral prifmatick Colours, which an 
affiftant caufes to move to and fro upon a Wall 
or Paper from whence they are refleded, whilft 
the Spedator's Eye, the Prifm, and the Objed- 
glafies, (as in the 13th Obfervation,) are placed 
Iteady ; the Pofition of the Circles made fuc- 
ceifively by the feveral Colours, will be found 
fuch, in refpedt of one another, as I have de- 
Icribcd in the Figures a b xVy or a b x v, or 
a /S I T. And by the fame method the truth of 
the Explications of other Obfervations may be 
examined. 

By what hath been faid, the .like PhaMiomcnft 
of Water and thin Plates of Glafs nuy be un-* 
derftood. But in fmall jfragments of thofc Plates 
there is this farther obfervable, that yrhcre they 
Ue flat upon a table, and are mrncd about their 
centers whilft they are view'd through a Prifin^ 
they wDl in fome poftures exhibit Waves of va^ 
riovs Colours j and fome of them exhibit thcfo 
Waves in one or two Pofitiojis only, but the 
jnoft of them do in all Pofitions exhibit them, 
and piake them for the moil part appear alt 
pioft all over the Plates, The r^on is, that 
;he Superficies of fuch Plates arc pot even, but 
have* many Cavities 4n4 Swellings, which, how 
foallpw fpq^er, dp a little vary the thickpefc of 

the 
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the Plate. For at the feveral fides of thofe Ca* • 
vities, for the Reafons newly defcribcd, there 
ought to be produced Waves in feveral po» 
ftures of the Prifm. Now though it be but 
fome very fnmll and narrower parts of the Glafs, 
by which thefe Waves fof the nioft part are cau- 
fed, yet they may feem to extend themfelves 
over the whole Glafs, becaufe from the narrow- 
eft of thofe parts there are Colours of feveral 
Orders, that is, of feveral Rings, confufedly re- 
fled:ed, which by Refi^dlion of the Prifm are 
unfolded, Separated, and, according to theif 
degrees ^ Refraftion, difperfcd to feveral pla- 
ces, ib as to conftitute fo many feveral Waves, 
as there were divers orders of Colours promifctt- 
oufly refledled from that part of the Glafs. 

Thefe are the principal Phsnomejia of thin 
Plates or Bubbles, whofe Explications depend 
on the properties of Light, which I have here- 
tofore delivered. And thefe you fee do necef- 
farily follow from them, and agree with them, 
even to their very leaft circumftances; and not 
only fo, but do very much tend to their proof. 
Thus, by the 24th Obfervation it appears, that 
the Rays of feveral Colours, made as Well by thin 
Plates or Bubbles, as by Refradlions of a Prifm, 
have feveral degrees of Refrangibility ; where- 
by thofe of each order, which at the reflexion 
from the Plate or Bubble are intermixed with 
thofe of other orders, are feparated from them 
by Refradion, and affociated together fo as to 
become vifible by themfelves like Arcs of Cir- 
cles, For if the Rays were all alike refrangi- 
ble, 'tis impoflible that th« whitenefs, which 

P 4 v^ 



2j6 O P T I C K S. 

IP the naked Senfc appears uniform, ftioijld by 
Refraftion have its parts tranfpofed and ranged 
into thofe black and white Arcs. 

It appears alfo that the unequal Refradlions 
of diflbrm Rays proceed not from any contin- 
gent irregularities 5 fuch as are Veins, an uneven 
P.oli(h, or fortuitous Pofition of the Pores of 
Glafs; unequal and cafual Mptions in the Air 
or iEther, the fpreading, breaking, or dividing 
the fame Ray into many diverging parts ; or the 
like. For, admitting any fuch irregularities, 
it would be impoflible for Refractions to render 
thofe Rings fo very diftindl, and well defined, 
as they do in the 24th Obfervatipn, It is ne-r 
ceffary therefpre that every Ray have its proper 
and conftant degree of Refrangibility connate 
with it, according to which its refradion is ever 
juftly and regularly performed; and that fcveral 
Rays have fcveral of thofe degrees. 

And what is faid of their Refrangibility may 
be alfp underllood of their Reflexibility, that is, 
of tlicir Difpofitions to be refleded, fomc at a 
greater, and others at a lefs thicknefs of thin 
Plates or Bubbles -, namely, that thofe Difpofi- 
tions are alfo connate with the Rays, and im- 
mutable ', as may appear by the 13th, 14th, and 
15 th Obfcrvations, compared vvith the founh and 
eighteenth. 

By the precedent Obfervations it appears al- 
fo, that whitenefs is a diffimilar mixture of all 
(polpurp, and that Light is a mixture of Rays 
gndped with all thofe Colours. For, confider- . 
ijig the multitude of the Rings of Colours in 
(he 3d, i2tb, and 24th Obfervations^ it is mani-* 
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feft, that although in the 4th and i8th Obfer- . 
vations there appear no more than eight or 
nine of thofe Rings, yet there are really a far 
greater number, which fo much interfere and 
mingle with one another, as after thofe eight 
or nine revolutions to dilute one another whol- 
ly, and conflitute an even and fenfibly uniform 
whitenefs. And confequently that whiteneft 
muft be allow'd a mixture of all Colours, and 
the Light which conveys it to the Eye muft 
be a mixture of Rays endued with all thofe Co- 
lours. 

But farther; by the 24th Obfervation it ap- 
pears, that there is a conftant relation between 
Colours and Refrangibility ; the moft refrangi- 
ble Rays being violet, the leaft refrangible red, 
and thofe of intermediaije Colours having pro- * 

f)ordonably intermediate degrees of Rcfrangibi- 
ity. And by the 13th, 14^1, and. 15th Obfer- 
vations, compared with- the 4th or i8th, there 
appears to be the fanie. conftant relation be- 
tween Colour and R'eflfi^ibility 5 the violet be- 
ing in like circumftances refledled at leaft thick- 
nefles of any thin Plate or Bubble, the red at 
greateft thicknefles, and the intermediate Co- 
lours at intermediate thicknefles. Whence it 
follows, that the colorifick Difpofitions of Rays 
are alfo connate with them, and immutable; and 
by confequence, that all the Produdlions and 
Appearances of Colours in the World arc de- 
rived, not from any phyfical Change caufcd in 
Light by Refradtion or Reflexion, but only 
frohi the various Mixtures or Separations of 
Jlavs, by virtue of their different Refrangibility 
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^ lUfleXibUity. And in this rdfpedt the Science 
^ Colours becomes a Speculation as truly ma- 
^ematical as any other part of Opticks. I mean, 
fi» fistf' as they depend on the Nature of Light, 
and are not produced or altered by the Power 
d{ Imagination, or by ilriking or prefling the 
Eye, 
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PART III. 



0/ the permamnt Colours of natural Bor' 
diesy and the Analogy het^naeen them and 
the Colours of thin trarfparent I^hus* 



M 



A M now com9 to oncKher part of 
this Dcfign, whigb. is to confider hew 
the Pha^npmeD4 of tjiia trp^fparen^ 
Plate8 ftand related to thoie of ^1 p-. 
ther natural Bodies. Of theib Bodi^ I have aU 
ready told yo« that they sipp^v of 4iYcr8 Cp^ 
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lours, accordingly as they arc difpofed to rcflcft 
moft copioufly the Rays originally endued with 
A^ofe Colours. But their Conftitutions, where- 
Wf-they-rcflefl: feme Rays more copioufly than 
ethers, remain to be difcover'd ; and thcfe I (hall 
endeavour to manifeft in the following Propo- 
fitions. 

,- P li-o. p. L , - ^ 

^Thofe Superficies of tranjparent Bodies reJleSl the 
great eji quantity of Lights which have the great- 
ifi rdraSling Power \ d)at isy which intercede 
Mediums that differ moji in their refraSlive Den-- 

fties. " And iffthe -Confines of -equally refra£ling 

^Mfdiumf there, is n^ Refte^ioni 

i*^' . *w ■ / .-ir. 

TH E Analogy between Reflexion and Re- 
fraft ion- -will appear by con f idcring, that 
when Light paflcth obliquely out of one Medi- 
um into another which refradts from the per- 
pendicular, the greater is the difference of their 
rcfradtive Denfity, the lefs Obliquity of Inci- 
dence is requifitc to caufe a total Reflexion. 
t*or as the Smes ate :which meafurc the Refra- 
dipn, fq is the Sine of Incidence at which the 
total Reflexion begins, to the Radius of the 
Circle; and confequently that Angle of Inci- 
dtoceis leaft where there is the greateft differ 
fence of the Sines. Thus in the pafiing of 
Light otot of Water into Air, where the Refra- 
dion ^ ineafured by the Ratio of the Sines 3 to 
4, the total deflexion begins when the Angle 
pf Incidence is abopt 48 Degrees 35 Minutes. 

In 
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la paffing out of Glafs into Air, where the Re- 
fraftion is mcafured by the Ratio of the Sise$ 
20 to 31, the tofal Reflexion begins when the! 
Angle of Incidence is 40 Degrees 10 IVIinutes^; 
and fo in paffing out of Cryftal, or more ftrong- 
ly refrafting Mediums into Air, there is ftill a lefs 
obliquity requifite to caufe a total reflexion.' 
Superficies therefore which rcfraft mofl da 
fooneft reflcft all the Light which is incident 
on them, and fo muil be allowed moft ftrongly ^ 
reflexive. 

But the truth of this Propofition will fisurther 
appear by obfcrvmg, that in the Superficies in- 
terceding two tranfparent Mediums, (fuchasare 
Air, Water, Oil, conmion Glafs, Cryftal^ me- 
talline GlaflTes, Ifland Glafles, white tranfparent 
Arfenick, Diamonds, &c.) the Reflexion is 
ilronger or weaker accordingly, as the Super- 
ficies hath a greater or lefs r«fra<aing Power. 
For in the Confine of Air and Sal-gem 'tis 
flropger than in the Confine of Air and Water, 
and ftill ilronger in the Confine of Air and com- 
mon Glafs or Cryflal, and ftronger in the Con- 
fine of Air and a Diamond. If any of thefe^ 
and fuch like tranfparent Solids, be immerged 
in Water, its Reflexion becomes much w^- 
er than before -, and ftill weaker if they be im- 
merged in the more ftrongly refradling Liqucrs 
of well redlified Oil of Vitriol or Spirit of Tur- 
pentine. If Water.be diftinguifh'd into two 
parts by any imaginary Surface, the E^etiexicfit 
in the Confine of thofe two parts is nphe^at aft. 
In the Confine. of Water and Ice 'tis very little i' 
in that of Water and Oil 'tis fomething greiater;. 
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in that of Water and Sal-gem ftiH greater j and 
in that of Water and Glafs, or Cryftal, or other 
denfer Subftances ftill greater, accordingly as 
thofe Mediums differ more or kfs in their re-^ 
fradting Powers. Hence in the Confine of com- 
mon Glafs and Cryftal, there ought to be a 
weak Reflexion, and a ftronger Reflexion in 
the Confine of common and metalline Glafs ; 
though I have not yet tried this. But in the 
Confine of two Glafles of equal denfity, there 
is not any fenfible Reflexion j as was fliewn in 
the firft Obfervation. And the fame may be 
underftood of the Superficies interceding two 
Cryftals, or two Liquors, or any other Sub- 
ftances in which no Refraiftion ist' caufed. So 
then the reafon why uniform pellucid Mediums 
(fuch as Water, Glafs,' or Cryftal,) have .no fen- 
fible Reflexion but in their external Superficies, 
where they are adjacent to other Mediums of 
a difl&rent denfity, is becaufe all their conti- 
guous parts have one and the fame degree of 
denfity. 

P R o p. IL 

^tbe Ui^ parts of almoji all natural Bodies are 
in Jome meafure tranfparent : And the Opa- 
city of thofe Bodies arifetb from the multi- 
tude of Reflexions caujed tn their internal' 
Farts. 

T^ HAT this is fo has been obfer^ed by o- 

^ therS) and will eafily be granted by thcm^ 

that have been converfant with Microfcopes.' 

And it may be alfo tried by applying aay vah^ 

fiance 
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ftance to a hole through which feme Light is 
immitted into a dark Room. For how opake 
foever that Subftance may fbem in the open 
Air, it will by that means appear very maniteA^ 
ly tranfparent, if it be of a fufficient thiBnefs. 
Only white metalline Bodies mufl b6 excepted^ 
which by reafon of their exceffivo dcnfity fecm 
to refled almofl: all the Light incident .on their 
firft Superficies; unlefs by iblution- in Menftru- 
ums they be reduced into very fmall Particles^ 
and then they become tranfpareat. , 

Prob. IIL 

Between the parts of opake and cokur^d Bodies 
are many Spaces^ either empty ^ of replenWi 
with Mediums of other Denjities\ as Jvater 
between the tinging Corpufdes wberiwitb a^ 
ny Liquor is impregnated ^ Air between the 
aqueouS' Globules that cmJHtute Clbuds dr Mifis^ 
and for the mojl part Spaces void of ^fb JUr 
and Water ^ hut yet perhaps not wholly void' of 
all Subfance^ between the parts of hard Bd* 
dies. 

np H E tmth of this is evinced by the two 
-*• precedent Propofitions : For by the fe-' 
cond Propofition there are many Refkxions^ 
made by the internal parts of Bodies, which, by 
the firft Propofition, would not happen if- the 
parts of thofe Bodies were continued without 
any fuch Interftices between them ; becaufe Re- 
flexions are caufed only in Superficies, which 
intercede Mediums of a differing" denfity, by 
Prop., u 

3 B»x. 
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But farther, that this difcontinuity of parts 
is the principal Caufe of the opacity of Bodies, 
will appear by confidering, that opake Subftan- 
ces become tranfparent by filling their Pores 
with any Subftance of equal or almoft equal den- 
fity with their parts. Thus Paper dipped in 
Water or Oil, the Oculus Mundi Stone fteep'd 
in Water, Linnen Cloth oiled or varnifh'd, and 
many other Subftances foaked in fuch Liquors 
as will intimately pervade their little Pores, be- 
come by that means more tranfparent than other- 
wife ; fo, on the contrary, the mofl: tranfparent 
Subftances may, by evacuating their Pores, or 
feparating their parts, be rendered fufficiently o- 
pake ; as. Salts or wet Paper, or the Oculu$ Mun-- 
di Stone by being dried, Horn by being fcraped, 
Glafs by being reduced to Powder, or otherwife 
flawed} Turpentine by being ftirred about with 
Water till they mix imperfeftly, and Water by 
being formed into many fmall Bubbles, either a- 
lone in the form of Froth, or by ftiaking it to- 
gether with Oil of Turpentine, or Oil Olive, or 
with fome other convenient Liquor, with which 
it will not perfedlly incorporate. And to the in- 
creafe of the opacity of thefe Bodies, it condu- 
ces fomething, that by the 23d Obfervation the 
Reflexions of very thin tranfparent Subftances are 
conflderably ftronger than thofe made by the 
£une Subftances of a greater thicknefs. 
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Prop. IV. 

^be. Parts of Bodies and their Interjlices mujl not 
be lefs than of fome definite bignefsy to render 
them opake and coloured. 

■pOR the opakeft Bodies, if their perts be 
•*• fubtilly divided, (^s Metals, by being diflbl- 
ved in acid Menftruums, (Sc.) become pcrfeft- 
ly tranfparent. And you may alfo remember, 
that in the eighth Obfervation there was no 
fenfiblc reflexion at the Superficies of the Ob- 
jedt-glafles, where they were very near one an- 
other, though they did not abfolutely touch. 
And in the 17th Obfervation the Reflexion of 
the Water- bubble where it became thinheft was 
almoft infenfible, fo as to calife very black Spots 
to appear on the top of the Bubble, by the want 
of refledled Light. 

On thefe grounds I perceive it is that Water, 
Salt, Glafs, Stones, and fuch like Subftanccs, 
are tranfparent. For, upon divers Confidera- 
tions, they feem to be as full of Pores or Inter- 
ftices between their parts as other Bodies arc, 
but yet their Parts and Interftices to be too 
fmall to caufe Reflexions in their common^ Sur* 
faces. 
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P R O p. V. 

^be tranjparent parts ^ Bodies^ according to their 
feveral JizeSj reflet Rays of one Colour^ and 
tranfmtt thofe of another^ on the fame grounds 
that thin Plates or Bubbles do refieSl or tranfmtt 
thofe Rays. Jnd this I take to be the ground of 
all their Colours. 

FOR if a thinn'd or plated Body, which 
being of an even thicknefs, appears all o- 
ver of one uniform Colour, fhould be flit into 
Threads, or broken into Fragments^ of the fame 
diicknefs with the Plate } I fee no reafon why 
every Thread or Fragment Ihould not keep its 
Colour, and by confequence why a heap of thofe 
Theads or Fragments fhould not conftitute a 
Mafs or Powder of the fame Colour, which the 
Plate exhibited before it was broken. And the 
parts of all natural Bodies being like fo many 
Fragments of a Plate, muil on the ia^ne grounds 
exhibit the fame Colours. 

Now, that they do fo will appear by the aflir 
nity of their Properties. The finely coloured 
Feathers of fome Birds, and particularly thofe 
of Peacocks Tails, do, in the very fame part of 
the Feather, appear of feveral Colours in feveral 
Pofitions of the Eye, after the very fame man- 
ner that thin Plates were found to do in the 
7th and 19th Obfervations, and therefore their 
Colours arife from the thinnefs of the tranfpa- 
rent parts of the Feathers; that is^ from the 
ilendernefs of the very fine Hairs, or Ca^Ua^ 
menta^ which grow put of the fidn oi the 
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grofler lateral Branches or Fibres of thofe Fea- 
thers. And to the fame purpofe it is, that the 
Webs of fome Spiders, by being fpun very fine, 
have appeared coloured, as fome have obferv'd, 
and that the coloured Fibres of fome Silks, by 
varying the Pofition of the Eye, do vary their 
Colour. Alfo tjie Colours of Silks, Cloths, 
and other Subftances, which Water or Oil can 
intimately penetrate, become more faint and 
obfcure by being immerged in thofe Liquors, 
and recover their Vigor again by being aried; 
much after the manner declared of. thin Bodies 
in the loth and 21ft Obfervations. Leaf-Gold, 
fome forts of painted Glafs, the Infufion of 
Lignum NepbrittQum^ and fome other Subftaa- 
ces, reflect one Colour, and tranfmit another; 
like thin Bodies in the 9th and 20th Obferva- 
tions. And fome of thofe coloured Powders 
which Painters ufe, may have their Colours $1 
little changed, by being very elaborately and 
finely ground. Where 1 fee not what can be 
juflly pretended for thofe changes, hefides the 
breaking of their parts into lefs parts by that 
contrition, after the fame manner that the Co>- 
lour of a thin Plate is changed by varying its 
thicknefs. For which reafon alfo it is that the 
coloured Flowers of Plants and Vegetables, by 
being bruifed, ufuallv become more tranfparent 
than before, or at leaft in fome degree or o- 
ther change their Colours. Nor is it much lefs 
to my purpofe, that, by mixii^ divers Liquors, 
very odd and remarkable Productions and 
Changes of Colours may be effedted, of which 
no caufe can be more obvious and ration&l thaa 
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that the falinc Corpufples of one Liquor do vari- 
oully adluponor unite with the tinging Corpufclcs 
of another, fo as to make them fwell, or fhrink, 
(whereby not only their bulk but their denfity 
alfo may be changed,) or to divide them into 
fmaller Corpufcles, (whereby a coloured Liquor 
may become tranfpar^nt,) or to make many of 
them aflbciate into one cluft6r, whereby two 
tranfparent Liquors may compofe a coloured one. 
For wc fee how apt thofe faline Menftruums are 
to pe.ietrate and diflblve Subftances to which 
they are applied, and fome of them to precipi- 
tate what others diflblve. In like manner, if wc 
conlider the various Pha^nomena of the Atmo- 
fbhere, we may obferve, that when Vapours are 
firft raifed, they hinder not the tranfparency of 
the Air, being divided into parts too fmall to 
paufe any Reflexion in their Superficies. But 
when in order to compofe drops of Rain thev 
begin to coalefcc and conftitute Globules of all 
intermediate fizes, thof? Globules, when they 
become of a convenient fizc to refledt fome Coi- 
lours and tranfmit others, may conftitute Clouds 
of varioys Colours according to their fizes. And 
I fee not what can be rationally conceived in fo 
tranfparent a Subftance as Water for the produ- 
ftion of thefe Colours, bcfides the various fizes 
of its fluid and globular Parcels. 
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Prop. VL 

^he parts of Bodies on ivbicb thfir Colours defend, 
are denfer than the Medium ivkich pervades 
their Interjiices. 

T^ HIS will appear by confidcring, that the 
-*• Colour of a Body depends not only oii 
the Rays which arc incident perpehdicailarly 
on its parts, but on thoTe alfo which are inci-^ 
dent at all other Angles. And that according 
to the 7th Obfervation, a very little variation 
of obliquity will change the refledted Colour, 
where tne thin Body or fmall Particle is rarer 
than the ambient Medium^ infbmuch that fuck 
a fmall Panicle will at diverfly obliiquc Inci- 
dences refljcd all forts of Colours, in fo great a 
variety that the Colour refulting from them all^ 
confufedly refl^iaod from a heap of fuch Parti- 
cles, muft rather be a white or grey than any 
other Colour, or at beft it muft be but a very 
imperfed and dirty Colour. Whereas if the 
thin Body or fmall Particle be mucK denfer than 
the ambient Medium, the Colours^ '^cording to 
the 19th Obfervation, are fo little changed by 
the variation of obliquity, that the Rays which 
.are. refleAcd leaft obliquely may predominate 
over the reft, fo much as to caufe a heap of fuch 
Particles to appear vety intenfely of their Co- 
lour. . '■ ,1 
It conduces alfo fomething to the confirma^ 
tion of this Proportion, that, according to the 
22d Obfervation, the Colours exhibit by the 
doifer thin' Body within the rarer^ are more 
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bpsk than thofe exhibited by the rarer within the 
denfen 

p R o p. vn. 

^be bignefs of tbe compotient parts of natural Bo^ 
dies may be conjeaured by their Colours. 

FOR iince the parts of thefe Bodies, by 
Prop. 5. do moft probably exhibit the 
fame Colours with a Plate of equal thicknefs, 
provided they have the fame refraftive dcnfity ; 
and iince their parts feem for the moft part to 
have much the fame denfity with Water or 
Glafs, as by many circumftances is obvious to 
colled: I to determine the fizes of thofe pans, 
you need only have recourfe to the precedent 
Tables, in which the thicknefs of Water or 
Glafs odiibiting any Colour is expreiled Thus 
if it be defired to know the diameter of a Cor- 
pufcle, which being of equal denfity with Glafs 
fhall refled green of the third Order; the Num- 
ber i6j (hews it to be ^^ pans of an Inch. 

. The greateft difBculty is here to know of 
what Order the Colour of any Body is. And 
for this end we muft have recourie to the 4th 
and 1 8th Obfervations ; from whence may be 
coUeded theie particulars. 

Scarlets^ and other reds^ oranges ^ and yel^ 
hwsy if xhcy be pure and intenfe, are moft pro- 
bably of the fecond order. Thofi^ of the firft 
and third order alfo may be pretty good; only 
the yellow of the firft order k fftiat, and the 

orange 
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orange and red of the third Order have a great 
Mixture of violet and blue. 

There may be good Greens of the fourth Order, 
but the pureft are of the third. And of this 
Order the green of all Vegetables feenis to be, 

i)artly by reafon of the Intenfenefs of their Co- 
ours, and partly becaufe when they wither fomc 
of them turn to a greenifh yellow, and others 
to a more perfedl yellow or orange, or perhaps 
to red, paffing firft through all the aforefaid in- 
termediate Colours. 'Uiiich Changes feem to 
be efFedted by the exhaling of the Moifturc 
which may leave the tinging Corpufcles more 
denfc, and fomething augmented by the Accre- 
tion of the oily and earthy Part of that Moifture. 
Now the green, without doubt, is of the fame 
Order with thofe Colours into which it changeth, 
becaufe the Changes are gradual, and thofe Co- 
Jours, though ufually not vcjy full, yet are 
often too full and lively to be of the fourth 
Order. 

Blues and Purples may be either of the fe- 
cond or third Order, but the beft are of the 
third. Thus the Colour of Violets feems to be 
of that Order, becaufe their Syrup by acid Li- 
quors turns red, and by urinous and alcalizatc 
turns green. For fince it is of the Nature of 
Acids to 4iflblve or attenuate, and of Alcalics 
to precipitate or incraflate, if the Purple Co- 
lour of the Syrup was of the fecond Order, aa 
acid Liquor by attenuating its tinging Cor- 

Sufcles would change it to a red of the firft Or- 
er, and an Alcali by incraflating them would 
change \t to a jgroen of the fcco^d Order j 

Qj. which* 
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which red and green, efpecially the green, feetti 
too imperfedt to be the Colours produced by 
thele Changes. But if the faid Purple be fup- 
pofcd of the third Order, its Change to red of the 
fecond, and green of the third, may without any 
Inconvenience be allow'd. . 

If there be found aiiy Body of a deeper and lefs 
reddifh Purple than that of the Violets, its Colour 
moft probably is of the fecond Ordier. But yet 
there being no Body commonly known whofe Co- 
lour is conftantly more deep than theirs, I have 
made ufe of their Name to denote the deepeft and 
leaft reddilh Purples, fuch as manifeftly tranfccnd 
their Colour in purity. 

The blue of the firft Order, though very faint 
and little, may polfibly be the Colour of fome 
Subflances; and particularly the azure Colour 
of the Skies feems to be of this Order. For all 
Vapours when they begin to condenfe and coa- 
lefce into fmall Parcels, become firft of thatBig- 
nefs, whereby fuch an Azure muft be reflefted be- 
fore they can conftitute Clouds of other Colours. 
And fo this being the firft Colour which Vapours 
begin to refleft, it ought to be the Colour of the 
fineft and moft tranfparent Skies, in which Va- 
pours are not arrived to that Groflhefs requifite to 
reflect other Colours, as we find it is by Expe- 
rience. 

Wbitenefs^ if moft intenfe and luminous, is 
that of the firft Order, if lefs ftrong and Ixmii- 
nous, a Mixture of the Colours of fevcral Or- 
ders. Of this laft kind is the Whitenefs of 
Froth, Paper, Linncn, and moft' white Sub- 
ftancess of the former I reckon that of white 

- Metals 
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Metals to be. For whilft the denfeft of Metals, 
Gold, if foliated, is tranfparent, and all Metals 
become tranfparent if diflblved in Menftruums 
or vitrified, the Opacity of white Metals ari- 
feth not from their Denfity alone. They be- 
ing lefs denfe than Gold would be more tranf- 
parent than it, did riot fome other Caufe con- 
cur with their Denfity to make them opake. 
And this Caufe I take to be fuch a BIgnefs of 
their Particles as fits them to refledt the white df 
the firft order, por, if they be of other Thick- 
neflfes they may reflect other Colours, as is ma- 
nifeft by the Colours which appear upon hot 
Steel in tempering it, and fometimes upon the 
Surface of melted Metals in the Skin or Scoria 
which arifes upon them in their cooling. Anfli 
as the white of the firft order is the ftrongeft 
which can be made by Plates of tranfparent 
Subftances, fo it ought to be ftronger in the 
denfer Subftances of Metals than in the rarct 
of Air, Water, and Glafs. Nor do I fee but 
that metallick Subftances of fuch a Thicknefs ks 
may fit them to reflect the white of the firft or- 
der, may, byreafon of their great Denfity (ac- 
cording to the Tenor of the firft of thefe Pro- 
pofitions) refled^ all the Light incident upon 
them, and fo be as opake and fplendent as it's 
pofliblq for any Body to be. Gold, or Copper 
mix'd with lefs than half their Weight of Silver, 
or Tin, or Regulus of Antimony, in fiifion, or 
amalgamed with a very little Mercury, become 
white J which ftiews both that the Particles of 
white Metals have much more Superficies, arid 
fo arc fmalleri than thofe of Gold and Copper, 
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and alio that they are fo opake as not to fui^ 
the Particles of Gold or Copper to (hinc through 
them. Now it is fcarce to be doubted, but 
that the Colours of Gold and Copper are of 
the fecond or third order, and therefore the 
Particles of white Meuls cannot be much bie-* 
ger dian is requifite to make them reflect the 
white of the firft order. The Volatility of Mer- 
cury argues that they are not mucn bi»er, 
nor may thw be much lefs, left they lofe meir 
Opacity, andf become either tranfparent as they 
do when attenuated by Vitrification, or by Solu* 
tion in Menftruums, or black as they do when 

Eound fmaller, by rubbing Silver, or Tin, or 
^d, upon other Subftances to draw black 
Lmes. The firft and only Colour which white 
Metals take by grinding their Particles fmaller, 
is black, and therefore their white ought to be 
that which borders upon the black Spot in the 
Center of the Rings of Colours, that is, the 
white of the. firft order. But, if you would 
hence gather the Bignefs of metallick Particles, 
you muft allow for their Denfity. For were 
Mercury tranfparent, its Denfi^ is fuch that 
the Sine of Incidence upon it (by my Compu- 
tadon) would be to the Sine of its Refraction, 
as 7 1 to 20, or.7 to 2. And therefore the Thick- 
neis of its Particles, that they may exhibit the 
fame Colours with thofe of fiubbles of Water, 
' oudit to be lefs than the Thicknefs of the 
Skin of thofe Bubbles in the Proportion of 2 
to 7. Whence it's poftible, that tl^ Particles 
of Mercury may be as little as the Particles of 

fome 
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fome tranfparent and volatile Fluids, and yet 
rcflcft the white of the firft order. 

Laftly, for the produftion of blacky the Cor- 
pufcles muft be lefs than any of thofe which ex- 
nibit Colours. For at all greater fizes there is 
vtoo much Light reflected to conftitute this* Co- 
lour. But if they be fuppofed a little lefs thaa 
is requifite to refleft the white and very faint 
blue of the firft order, they will, according to 
the 4th, 8th, lythand iSthObfervations, refle(3: 
fo very little Light as to appear intcnfly black;, 
and yet may perhaps variouuy refract it to and 
fro within theiAfelves fo long, until it happen 
to be ftifled and loft, by which means they wSl 
appear black in all pofitions of the Eye without 
any transparency. Arid from hence may be under- 
ftood why Fire, and the more fubtile mffolver Pu- 
trefaftion, by dividing the Particles of Subftanf 
ces, turn them to black, why fmall quantities 
of black Subftances impart their Colour very 
freely and intenfly to other Subftances to whicn 
they are applied 5 the minute Particles of thef^ 
by reafon of their very great number, eafily o- 
verfpreading the grofs Particles of others ; why 
Glafs ground very elaborately with Sand on a 
Copper Plate, 'till it be well poliQi'd, makes 
the Sand, together with what is worn off from 
the Glafs and Copper, become very black: 
why black Subftances do fooneft of all othew 
become hot in the Sun's Light and burn, (which 
Effefl: may proceed partly from the multitude 
of Refradions in a little room, and partly from 
the eafy Commotion of fo very fmall Cor- 
pufcles i ) and why blacks are ufually a little in- 
clined 
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clined to a bluifh Colour. For that they are (o 
may be fcen by illuminating white Paper by 
Light reflefted trom black Subftances. For the 
Paper will ufually appear of a bluifh white; and 
the reafon is, that black borders on the obfcure 
blue of the order defcribed in the i8th Obferva- 
tion, and therefore reflefts more Rays of that Co- 
lour than of any other. 

In thcfe Defcriptions I have been the more 
particular^ becaufe it is not impoflible but that 
Mifcrofcopes may at length be improved to the 
difcovery of the Particles of Bodies on which 
their Colours depend, if they are not already in 
fome meafure arrived to that degree of per- 
fedtion. For if thofe Inftruments are or can be 
fo far improved as with fufficient diftindnefs 
to reprefent Objects five or fix hundred times 
bigger than at a Foot diftance they appear to 
our naked Eyes, I fhould hope that we might 
be able to difcover fome of the greateft of thofe 
Corpufcles. And by one that would magnify 
three or four thoufand times perhaps they might 
all be difcover'd, but thole which produce 
blacknefs. In the mean while I fee nothing ma- 
terial in this Difcourfe that may rationally be 
doubted of, excepting this Pofition : That tran- 
fparfent Corpufcles of the fame thicknefs and 
denfity with a Plate, do exhibit the fame Co- 
lour. And this I would have underftood not 
without fome Latitude, as well becaufe thofe 
Corpufcles may be of irregular Figures, and 
many Rays muft be obliquely, incident on them, 
and lb have a (horter way through them than 
the length of their Diaimeters^ as becaufe the 

ftraitncls 
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ftraitnefs of the Medium put in on all fides 
within fuch Corpufcles may a little alter its Mo- 
tions or other qualities on which tht JReflexion 
depends. But yet I cannot much fufpeft the 
laft, becaufe I have obferved of fomc fmall 
Plates of Mufcovy Glafs which were of ah even 
thicknefs, that through a Microfcope they have 
appeared of the fame Colour at their edges and 
corners where the included Medium was ter- 
minated, which they appeared of in other pla- 
ces. However .it will add much to our Satif^ 
fadion, if thofe Corpufcles can be difcover'd 
with Microfcopes j which if we fhall at length 
attain to, I fear it will be the utmoft improve- 
ment of this Senfe. For it feems impoflible td 
fee the more fccret and noble Works of Nature 
within the Corpufcles by reafon of their tranipa- 
rency. 

Prop. VIIL 

T'he Caufe of Refexion is not the impinging of 
Light on the/olid or impervious parts of Bodies^ 
as is commonly believed. 
• 
T^ HIS will appear by the following Confi- 
^ derations. Firft, That in the paffagc of 
Light out of Glafs into Air there is a Reflexion 
as ftrong as in its pafTage out of Air into Glafs, 
or rather a little ftronger, and by many degrees 
ftronger than in its paffage out of Glafs into Wa- 
ter. And it feems not probable that Air fhould 
have more ftronglv refleding parts than Watdf 
or Glafs. But if tnat fliould poffibly be fiippo- 
f(?d, yet it will avail nodbingj for the Reflexion 
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is as (bong or ftronger when the Air is drawn 
away from the Glafs, ( fuppofe by the Air-Pump 
invented by Otto Gueriety and improved and made 
ufeful by Mr. Boyle) as when it is adjacent to it. 
Secondly, If Light in its paflage out of Glafs 
into Air be incident more obliquely than at an 
Angle of 40 or 41 Degrees it is wholly refleiSed, 
if lefs obliquely it is m great meafure tranfmit-* 
ted. Now it is not to be imagined that Light at 
one degree of obliquity (houla mcsct with Pores 
enough in the Air to tranfmit the greater part of 
it, and at another degree of obliquity ihould 
meet with nothing but parts to refledt it wholly, 
efpecially con£idering that in its pai&ge out of 
Air into Glafs, how oblique foever be its Inci- 
dence, it finds Pores enough in the Glafs to tranf. 
mit a great part of it. If any Man fuppofe that 
it is not reflected by the Air, but by the outmoft 
fuperficial parts of the Glafs, there is ftill the 
fame difticulty: Befides, that fuch a Suppofition 
is unintelligible, and will alfo appear to be falfe 
by applying Water behind fome part of the Glafs 
inftcad of Air. For fo in a convenient obliquity 
of the Rays, fuppofe of 45 or 46 Degrees, at 
which they are all refleded where the Air is adja- 
cent to the Glafs, they fhall be in great meafure 
tranfmitted where the Water is. adjacent to it} 
which argues, that their Reflexiofi or Tranfmiiii- 
on depends on the conflitution of the Air and 
Water betiind the Glafs, and not on the ftriking 
of the Rays upon the parts of the Glafs. Third- 
ly, If the Colours made b}r a Prifm placed at 
ll)e entrance of a Beam oif Light into a darkened 
Room be fucceffively caft on a fecond Prifm 

t^laced 
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placed at a greater diftance from the former^ 
in fuch -manner that they are all alike incident 
upon it, the fecond Priim may be fo inclined to 
the incident Rays, that thole which are of a 
blue Colour (hall be all refledled by it, and yet 
thofe of a red Colour pretty copioufly tranfmit- 
ted. Now if the Reflexion be caufed by the 
parts of Air or Glafs, I would ask, why at the 
fame Obliquity of Incidence the blue ihould 
wholly impinge on thofe parts, fo as to be aU 
reflefted, and yet the red find Pores enough 
to be in a great meafure tranfmitted. Fourth- 
ly, Where two Glafles touch one another, there 
is no fenfible Reflexion, as was declared in the 
firft Obfervationj and yet I fee no reafon why 
the Rays fhould not impinge on the parts of 
Glafs, as much when contiguous to other Glafs 
as when contiguous to Air. Fifthly, When 
the top of a Water-Bubble (in the 17th Obfer* 
vation, ) by the continual fubfiding and exha* 
ling of the Water grew very thin, there was 
fuch a little and almoft infenfible quantity of 
Light reflected from it, that it appeared in-^ 
tenfly black; whereas round about that black 
Spot, where the Water was thicker, the Refle- 
xion was fo ftrong as to make the W^ter feem 
yenr white. Nor is it only at the leaft thick- 
nefs of thin Plates or Bubbles, that there is no 
manifeft Reflexion, but at many other thick* 
nefles continually greater and greater. For in 
%hc 15th Obfervation the Rays of the fame Co- 
jour were by turns tranfmitted at one thicknef8t 
fuid refleded at another thicknefs, for an in*- 
4eterQiinate number of Su^eflion& Aiid yet 
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in the Superficies of the thinned Body, .where 
it is of any one thicknefs, there are as many 
parts for the Rays to impinge on, as where it 
is of any other thicknefs. Sixthly, If Reflexion 
were caufed by the parts of reflefting Bodies, 
it would be impoffible for thin Plates or Biibf- 
blcs, at one and the fame place, to refledl the 
Rays of one Colour, and tranfmit thofe of ano- 
ther, as they do according to the 13 th and 15 th 
Obfervations. For it is not to be imagined 
Aat at one place the Rays which, for inftance, 
exhibit a blue Colour, fhould have the fortune 
to dafli upon the parts, and thofe which exhi- 
bit a red to hit upon the Pores of the Body; 
and then at another place, where the Body is 
cither a little thicker, or a* little thinner, that 
on the contrary the blue fhould hit upon its 
pores, and the red upon its parts. Laftly, Were 
the Rays of Light refledled by impinging on 
the folid parts of Bodies, their Reflexions from 
polifh'd Bodies could not be fo regular as they 
are. For in poliftiing Glafs with Sand, Putty, or 
Tripoly, it is not to be imagined that mofe 
Subflances can, by grating and fretting the Glafs, 
bring all its leafl Particles to an accurate Polifh i 
fo that all their Surfaces fhall be truly plain or 
truly fpherical, and look all the fame way, fo 
as together to compofe one even Surface. The 
fmaller the Particles of thofe Subflances arc, 
the fmaller will be the Scratches by which they 
continually fret and wear away the Glafs untij 
it be polifh'dj but be they never fo fmall they 
can wear away the Glafs no otherwife than by 
grating and fcratching it^ and breaking th^ 
? . Protu- 
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trotuberances ; and therefore polifli it no o- 
thcrwife than by bringing its roughnefs to a ve- 
ry fine Grain, fo that the Scratches and Fret- 
tings of the Surface become too fmall to be 
vilible. And therefore if Light werercfleded. 
by impinging upon the folid parts of the Glrfs, 
it would be fcatter'd as much by the moft po- - 
lifh'd Glafs as by the rougheft. So tlien it re-» 
mains a Problem, how Glafspolifh'd by fretting 
Subftances can refledt Light fo regularly as ic 
does. And this Problem is fcarce otherwife to 
be folved, than by faying, that the Reflexion of 
a Ray is etFed:ed, not by a fingle point of the 
refledling Body, but by fome power of the Bo- 
dy which is evenly diffiffed all over its Surface, 
and by which it a6ls upon the Ray without im- 
mediate Contadt For that the parts of Bodies 
do ad upon Light at a diftance Ihall be (hewa 
hereafter. 

Now if Light be refle<Se4 not by impinging 
on the folid parts of Bodies, but by fome other 
principle ; it's probable that as many of its liays 
as impinge on the folid parts of Bodies .are not 
refleded but ftifled and loft in the Bodies. For 
otherwife we muft allow two forts of Refle- 
xions. Shoufd all the Rays be reflected which 
impinge on the internal pjirts of clear Water or 
Cryftal, thofe Subftances would rather have a 
cloudy Colour than a clear Tranfparency. To 
make Bodies look black, it's neceflary that ma- 
ny Rays be ftopp'd, retained, and loft in them j 
and it feems not probable that any Rays can be 
ftopp'd and ftifled in them which do not im- 
pinge on their parts. 

R fr^?i 
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And hence we may underftand that Bodies 
are much more rare and porous than is com- 
monly believed. Water is nineteen times light- 
er, and by confequence nineteen times rarer 
than Gold s and Gold is fo rare as very readily^ 
and without the le^ft oppofition to tranfmit the 
magnetick Effluvia, and e^fily to admit Quick- 
filvcr into its Pores, and to. let Water pafs 
through it. For a concave Sphere of Gold fil- 
led with Water, and foldcr'd up, has, upon pref- 
fmg the Sphere with great force, let the Water 
fqueeze through it, and ftand all over its out- 
fide in multitudes of fmall Drops, like Dew, 
without burfting or cracking the Body of the 
Gold, as I have been inform'd by an Eye-wit- 
nefs. From all which we may conclude, that 
Gold has more Pores than folid parts, and by 
confequence that Water has above forty times 
more Pores than Parts. And he that fliall find 
out an Hypothefis, by which Water may be fo 
rare, and yet not be capable of compreffion by 
force, may doubtlefs by the fame f lypothefis 
make Gold, and Water, and all other Bodies, as 
much rarer as he pleafes; fo that Light may 
find a ready paiTage through traofparcnt Sub* 
ftances. 

The Magnet a<fts upon Iron through all denfe 
Bodies not magnetick nor ted hot, without a- 
ny diminution of its Virtue; as for inflance, 
through Gold, Silver, Lead, Glafs, Water. 
The gravitating Power of the Sun is tranfmk- 
ted through the vaft Bodies of the Planets with-i-- 
out any diminution, fo as to a£t upon all their 
parts to their very centers with the fame Force 

and 
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and according to the fame Laws, as if the paix, 
upon which it adls were not furroiinded with ' 
the Body of the Planet. The Rays of Light, 
whether they be very fmall Bodies proje<itcdj 
or only Motion or Force propagated, arc mo- 
ved in right Lines; and whenever a Ray of 
Light is by any Obftftcle turned out of its refti- 
linear.way, it will never return into the fame 
re<ftilinear way, unlefs perhaps by very great ac- 
cident. And yet Light is tranfmitted' through 
pellucid folid Bodies in right Lines to very great 
diftances. How Bodies can have a fufficient 
quantity of Pores for producing thefe Effects is 
very difficult to conceive, but perhaps not al- 
together impoffible. For the Colours of Bodies 
arife from the Magnitudes of the Particles which 
refled: them, as was explained above. Now if 
we conceive thefe Particles of Bodies to be fo 
difpofed amongft thcmfelves, that the Intervals 
or empty Spaces between them may be equal in 
magnitude to them all; and that thefe Pani«- 
cles may be compofed of other Particles much 
fmaller, which have as much empty Space be- 
tween them as equals all the Magnitudes of 
thefe fmaller Particles: And that in likt man- 
ner thefe fmaller Particles are again compofed 
of others much fmaller, all which together are 
equal to all the Pores or empty Spaces becwcen 
them; and fo on perpetually till you come to 
folid Particles, fuch as have no Pores or empty 
Spaces within them : And if in any grofs Body 
there be, for inftancc, three fuch degrees of 
Particles, the Icaft of which arc folid ; this Bo- 
dy will have {wti\ times more Pores than folid 

R a ^"^w.^ 
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I^Barts. ' But if there be four fuch degrees cf 
Particles, the leaft of which are folid, the Bo- 
dy will have fifteen times more Pores than folid 
Pans. If there be five degrees, the Body will 
have one and thirty times more Pores than folid 
Parts. If fix degrees, the Body will have fixty 
and three times more Pores than folid Parts. And 
fo on perpetually. And there are other ways of 
conceiving how Bodies may be exceeding porous. 
But what is really their inward Frame is not yet 
known to us. 

Prop. IX. 

BoJies refeB mid refraSl Light by one and the 
fame power ^ varioujly exercijed tn various Cir- 
€umjiance5. 

np HIS appeals by feveral Confiderations. 
^ Firft, Becaufe when Light goes out of 
Glafs into Air, as obliquely as it can poflibly 
do. If its Incidence be made ftill more oblique, 
it becomes totally refledled. * For the power of 
the Glafs after it has refi-aded the Light as ob- 
liquely as is poflible, if the Incidence be ftill 
made more oblique, becomes too ftrong to let 
any of its Rays go through, and by coniequence 
caufes total Reflexions. Secondly, ^caufe 
Light is alternately reflefiied and tranfinitted 
by thin Plates -of Glafs for many Succefiions, 
accordingly as the thicknefs of the Plate increa- 
fes in an arithmetical Progreffion. For hetie 
die thicknefs of the Glafs determines whether 
that Power by whkh Glafi^d£ts^upon Light 
(halV ctufe it to be reflefied/-'or SaScc it to be 

tranf- 
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tranfmitted. And, Thirdly, becauie thofe Sur- 
faces of tranfparent Bodies which have the grta^ 
eft refracting power, refkd: the greateft quaiv* 
tity of Light, as was (hewn in the firft Propo^K 
tion. 

*»» 
Prop. X. 

If Light be fwifter in Bodies than in Vacm^ in 
the proportion of the Sines which meafire the 
RefraSlion of the Bodies^ the Forces oj the 
Bodies to refieSf and refraQ Lights art very 
nearly proportitfnal to the denfities of fhe fami 
Bodies \ excepting that unBuous and fulphureous 
Bodies refraSi more than others of this fame den^ 

LE T AB reprefent die refracting jdaneSbr- 
face of any Body, and IC a Kuy incident 
very obliquely upon the Body in C, ib that the 




Angle A CI may be infinitely, little,, and let CR 
be the refracted Ray. From a given Point B 
perpendicular to the refraAing Surface ere£t B R 
meeting with the refra&ii^ Ray C R in R, and 
if C R reprefent the Motion of. the rcfradlcd 
Ray, and mis Motion be diflinguifh'd into two 
Motions CB and BR, IfehercQf CB is paral- 

R3 Wl 
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lei to the refra<aing Plane, and BR perpendi- 
cular to it : C B {hall reprefcnt the Motion of 
the incident Ray, and B R the Motion genera- 
ted by the Refraction, as Opticians have of late 
explained. 

Now if any Body or Thing, in moving through 
any Space of a given breadth terminated on 
both fides by two parallel Planes, be urged for- 
ward in all parts of that Space by Forces tend- 
ing direftly forwards towards the laft Plane^ and 
before its Incidence on the firft Plane, had no 
Motion towards it, or but an infinitely little 
one i and if the Forces in all parts of that Space, 
between the Planes, be at equal diftances from 
the Planes equal to one another, but at feveral 
diftances be bigger or lefs in any given Propor- 
tion, the Motion generated by the Forces in 
tlie whole paflage of the Body or thing throu^ 
thsLt Space {hall be in a fubduplicate Proportitm 
of the Forces, as Mathematicians will eafily 
under{land. And therefore, if the Space of atti- 
vity of the refrafting Superficies cm the Body 
be confider'd as fuch a Space, the Motion of 
the Ray gcncrateti by the refradling Force of 
the Body, during its paflTage through that Space, 
that is, the Motion B R, mu{l be in fubdupli- 
cate Proportion of that refrafting Force. I fay 
therefore, chat the Square cf die Line BR, and 
by confequcnce the ima£Ung Force of the Bo- 
djy is very nearly ob the tksifity of the fame 6<v» 
dy. ' For this t^tt appear by the foHowing Ta- 
ble, whcremtheProporaonof doe Sines whkh 
nieafuipe the Refraifllioils of ifevoral Bodies, the 
Square of 8R, fuppofingCBwunitei, the Deo- 
'-' ' fities 
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fyfkBrof ihe j^odies eftimated by their Specifick 
<5ravifies, and their Rcfraftive Power in refpefl: 
c)f their Penlities are fet down in feveral Co- 
lumns. 
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■ The Rcfradtion of the Ak in this Table is dc- 
cermin'd by that of the Attnofohere obferved 
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by Aftronomers. For, if Light pafs through many 
refracting Siibftances or Mediums gradually denier 
and denfer, and terminated with parallel Surfaces, 
the Sum of all the Rcfradlions will be equal to 
the fingle Refradion which it would have fuffer'd 
in palling immediately out of the fir ft Medium 
into the laft. And this holds true, though the 
Number of the refradting Subftances be increafcd 
to Infinity, and the Piftances from one another 
gs much decreafed, fo that the Light may be 
refracted in every Point of its Paffage, and by 
continual Refradtions bent into a Curve^Linc, 
And therefore the whole Refradion of Light 
in pafTmg through the Atmofphere from the 
higheft and rarcft Part thereof down to the lowefl 
and denfcft Part, muft b^ equal to tho Rc^ 
fradlion which it would fuftcr in paifing at 
like Obliquity out of a Vacuum immediately 
into Air of equal Denfity with that in the lowcft 
Part of the Atmofphere. 

Now, although a Pfeudo-Topaz, aSelenitis^ 
Rock Cryftal, Ifland Cryftal, Vulgar Glafs 
(that is, Sand melted together) and Glafs of' 
Antimony, which are terreflrial ftony alcalizatp 
Concretes, and Air which probably arifes from 
fuch Subflances by Fermentation, be Subftances 
very differing fropi one anothtsjr in Denfity, yet 
by thia Table, thqy have their refradtive Powers 
almoft in the fame Proportion to one another 
gs their Denfities are, excepting that the Rcr 
fra(3:ion of that flrange Subflance, Ifland Cryftal 
is a litde! bigger than the reft. And parti- 
cularly Ajr, yrbich is 3509. Times rarer thaij 
^ PfeudorTopaz, and 4400 Times rarer than 
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Gkfs of Antimony, and 2000 Times rarer than 
the Selenitis, Glafs vulgar, or Cryftal of the 
Rock, has notwithftanding its rarity the fame re- 
fradive Power in refpedt of its Denfity which 
thofe very denfe Subftances have in refpedt of 
theirs, excepting fo far as thofe difier from one 
another. 

Again, the Refraction df Camphire, Oil Olive, 
Linfeed Oil, Spirit of Turpentine and Amber, 
which are fat lulphureous undtuous Bodies, and 
a Diamond, which probably is an undtuous Sub* 
ftance coagulated, have their refradtive Powers in 
Proportion to one another as their Denfities with-, 
out any^ confiderable Variation. But the re^ 
fradtive Powers of thefe undtuous Subftances arc 
two or three Times greater in refpedt of their 
Denfities than the refradtive Powers of the former 
Subftances in refpedt of theirs. 

.Water has a refradtive Power in a middle de^ 
gree between thofe two fortS of Subftances, 
aijd- probably is of a middle nature. For out 
of it grow all vegetable and animal Subftances, 
which confift as well of fulphureous fat and in^ . 
flamable Parts, as of earthy lean and alcalizate 
ones. 

Salts and Vitriols have refradtive Powers in a 
middle degree between thofe of earthy Subftances 
and Water, and accordin^y are compoicd of 
thofe two forts of Subftances. For by diftillation 
and redtification of their Spirits a great Part of 
them goes into Water, and a great Part remains 
behind in the form of a dry fix^d Earth capablf 
pf Vitrification. 

Spirit 
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Spirit of Wine has a refractive Power in a 
middle degree between thofe of Water and oily 
jSubllanccs, ai>d accordingly feems to be compo- 
fedofboth, united by Fermentation; the Water, 
by means of fome faline Spirits with which 'tis 
impregnated, diflolving the Oil, and volatizing 
it by the Action. For Spirit of Wine is inflama- 
blfi by means of its oily Parts, and being diftilled 
often from Salt of Tartar, grow by every diftil- 
Jation more and more aqueous and phlcgma- 
lick. And Chymifts obferve, that Vegetables 
(as Lavender, Rue, Marjoram, Gf^.) diftilled />^ 
Jc^ before fermentation yield Oils without any 
J>Hrning Spirits, but after fermentation yield ar- 
dene Spiritj> without Oils : Which fliews, that 
cheir Oil is by. fermentation converted into Spi- 
rit. They find ajfo, that if Oils be poured in a 
fmall quantity upon fermentating Vegetables, 
ihiey diilil over' aher fermentation in the form 
pf Spirits. 

$0 then„ by the foregoing Table, all Bodies 
ilse{B to kivc their refradtive Powers propor-^ 
tjpnal JO their Denfitics, (or very nearly;) ex- 
cepting fp ivi gs they partake more or lefs of 
lulphurcous oily Particles, and thereby have jthcir 
j;ci^*t<3:iv^ P<>w^r made greater or lefs. Whence 
^t fiaeffls rational to attribun^ the refractive Power 
pf 9M Bodl^$ (chiefly, if JK>t wholly, to the fuU 
phiureous Paftg with which they abound. For 
it's probabJcch^t all Bodies abound more or lefs 
with Sulphurs. And as Light congregated by a 
Burnii^-glafs ads moft upon fulphureous Bo^ 
dies, to turn them into Fire and Flame; fo, 
lince all Adion is mutuul, :;ulphurs ou^ht to aft 

moft 
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mod upon Light. For that the adtion between 
J^ight and Bodies is mutual, may appear from, 
this- Confideration ; That the denfeft Bodies 
which refradt and refled: Light moft ftrorigly, 
grow hotteft in the Summer Sun, by the adtion 
of the refradled or reflefted Light. 

I have hitherto explained the powet of Bo- 
dies to reflcdt and rcfra<5t, and fliew'd, that thiA 
tranfparent: Plates, Fibres, and Particles, do, ac- 
cording to their feveral thickneffes and dcnfi- 
ties, fcflcft fcveral: forts of Rays, and thereby 
appear of ieveral Colours r and by confeqiience, 
that nothing more is requifice tor producing all 
the Colours of natural Bodies, than the feverat 
fizes and deniities of their tranfparent Particles. 
But whence it is that thefe Plates, Fibres, and 
Particles, do, according to their feveral dbick* 
neffes and denfities, rcfledt icveral fortB of Rays^ 
I have not yet explained. To give fome infight 
into this matter, and make way for underftaiKl^ 
ing tbc next part of this Book, i fhaU conclude • 
this fnrt witha few XEK>re Proportions. Thoi^ 
which preceded refpe£b the natuxe of Bodies^ 
thefe the nature of Light: For both muft be 
uiKierftood, before che reafbn of dieir Actions 
upon one another each be known. And becaulc 
the Ilrft;Propo&tiondq)ended' upon *the velocity^ 
of Light, I will begin with a Propofition a£ that 
kind.-''. ' 
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Prop. XL 

lAght is propagated from luminous Bodies in 
timej and Jpends about feven or eight Mi- 
nutes of an Hour in pajpngfrom the Sun to the 

Earth. 

npHIS was obfervcd lirft by Roemer^ and 
-*• then by others, by means of the Eclipfes of 
the Satellites of Jupiter. For thefe Eclipfes, 
when the Earth is between the Sun and Jtipitery 
happen about feven or eight Minutes fooner 
than they ought to do by the Tables, and when 
the Earth is beyond the Sun they happen about 
feven or feight Minutes later than they ought to 
do; the rcafon being, that the Light of the 
Satellites has farther to go in the latter cafe 
jhan in the former by the Diameter of 
the Earth's Orbit. Some inequalities of time 
may arife from the Eccentricities of the Orbs of 
the Satellites ; but thofe cannot anfwer in all the 
Satellites, and at all times to the Poiitioo and 
Diftance of the Earth from the Sun. The mean 
motions of Jupiter's Satellites is alfo fwifter in 
his defcent irom his Aphelium to bis Perihelium, 
than in his afcent in the other half of his Orb. 
But this inequality has no refpcd to the pofition 
of the Earth, and in the three interior Satellites 
is infenfible|, as I find by computation from the 
Theory of their Gravity. 
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Prop- XIL 

T^^ery Ray of Light in its pajfage through arty 
refraSlin^ Surface is put into a certain tranjient 
Conjiitution or State ^ which in the progreji 
of the Ray returns at equal Intervals, and 
difpofes the Ray at every return to be eajily 
tranfmitted through the next refrnSling Sur-^ 
face, and between the returns to be eafly refeSied 
by it. 

^HIS is manifcft by the 5th, 9th, i2tb, 
and 15th pbfervations. For by thofe Ob- 
fervations it appears, that one and the &me 
fort of Rays at ^ual Angles of Incidence on a^ 
ny thin tranfparent Plate, is alternately rcfleded 
^and tranfmitted for many Succeffions according- 
ly as the thicknefs of the Plate increafes in 
arithmetical Progreifion of * the Numbers, o, 
If 2, 3, 4, 5, 6, 7, 8, Gfr. fo that if the firft 
Reflexiou ( that wnich makes the firft or inner- 
moft of the Rings of Colours there defcribed ) 
be made at the thicknefs i, the Rays (hall be 
tranfmitted at the thicknefflbs o, 2, 4, 6, 8, 10, 
12, G?r. and thereby make the central Spot and 
Rings of Light, which appear by tranimifBon, 
and be refledted at the thicknefs i, 3, 5, 7, 9, 
II, ®r. and thereby make the Rings whidb 
appear by Reflexion. And this alternate Re- 
flexion and Tranfmiflion, as I gather by the 24th 
Obfervation, continues for above an hundred 
viciflitudes, and by the Obfervations in the next 
part of this Book, for many thoufands, being 
propagated from one Surface of a Glafs Plate to 

^3s» 
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the other, though the thickneCs of the Plate be 
a quarter ©f an Inch or above : So that this al- 
ternation, feems to be propagated from every 
refrading Surface to all diflances without end or 
limitation. 

This alternate Reflexion and Refradion de- 
pends on both the Surfaces of every thin Plate, 
becaufe it depends on their diftance. By the 
2ift Obfervation, if either Surface of a thin 
Plate of Mufcovy, Glafs be wetted, the Colours 
caufed by the alternate Reflexion and Refrattion 
grow faint, and therefore it depends on them 
both. 

It is therefore performed at the fecond Surface; 
for if it were perform'd at the firft, before the 
Rays arrive at the fecond, it would not depend 
on the fecond. 

It is atfo influenced by fome adtion or difpo- 
fition, propagated from the firft to the fecond, 
becaufe otherwife at the fecond it would not 
depend on the firft. And this adion or difpo- 
fition, in its propagation, intermits and returns 
by equal Intervals, becaufe in all its progrefs it 
inclines the Ray at one diftance from the firft 
Surface to be ref eded by the fecond, at ano- 
ther to be tranfmitt.d by it, and that by equal 
Intervals for innumerable viciffitudes. And be- 
caufe the Ray is difpofed to Reflexion at the 
diftances j, 3j 5, 7, 9, ^c. and to Tranfmiflion 
at the diftances o, 2, 4, 6, 8, 10, Gff. (for its 
tranfmiflion through the firft Surface, is at the 
diftance o, and it is tranfmittcd through bodi 
together, if their diftance be infuiitely little or 
much lefs than i) the dxfpofition to be trans- 
mitted 
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mitted at the diftances 2, 4, 6, 8, 10, 0*r. is to be 
accounted a return of the fame difpofition which 
the Ray firft had at the diftance o, that is at its 
tranfmifllon through the firft refrafting Surface. 
All which is the thing I would prove. 

What kind of aftion or difpofition this is; 
Whether it confifts in a circulating or a vibra- 
ting motion of the Ray, or of the Medium, or 
fomething elfe, I do not here enquire. Thofe 
that are averfe from afTenting to any new ,Dif- 
coveries, but fuch as they can explain by an Hy- 
pothefis, may for the prcfent uippofe, that as 
Stones by falling upon Water put the Water in- 
to an undulating Motion , and all Bodies by 
percuflion excite vibrations in the Air; fo the 
Rays of Light, hy inipinging on any refrading 
or reflecting Surface, excite vibrations in the 
refradling or reflcfting Medium or Subftance, 
ahd by exciting them agitate the folid parts of 
the refra<aing or refledling Body, and by agita- 
ting them caufe the Body to grow warm or 
hot; that the vibrations thus excited are pro- 
pagated in the refrafting or reflecting Meaium 
or Subftance, much after the manner that vibra- 
tions are propagated in the Air for caufing 
Sound, and move fafter than the Rays fo as to 
overtake them; and that when any Ray is in 
that part of the vibration which confpires with 
its Motion, it eafily breaks through a refrading 
Surface, but when it is in the contrary part of 
the vibration which impedes its Motion, it is 
eafily refleded ; and, by confequcnce, thnt e- 
very Ray is fucceflfively difpofed to be eafily re- 
flected, or eafily tranfinitted, by every vibration 
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which overtakes it. But whether this Hypothec 
lis be true or falfe I do not here confider. I con- 
tent my felf with the bare Difcovery, that the 
Rays of Light are by fomc caufe or other alter- 
nately difpofed to be rcfledled or refradted for 
many vicmitudes. 

DEFINITION. 

7'be returns of the dijpofition of any Ray to be 
refeSled I will call its Fits of eafy Reflexion, 
and thofe of its difpojition to be tranfmitted its 
Fits of eafy Tranfmiffion, and the Jpace it 
faffes between every return and the next re- 
turny the Interval df its Fits. 

Prop. XIII. 

^he reafon why the Surfaces of all thick tranf 
farent Bodies refleSl part of the Light inci-- 
dent on them^ and refraSi the rejl ^ isy that 
fome Rays at their Incidence are in Fits of eafy 
Reflexion^ and others in Fits of eafy "Iranf 
mtjjion. 

T^ HIS may be gathered from the 24th Ob- 
-*• fervation, wnere the Light reflected by 
thin Plates of Air and Glafs, which to the naked 
Eye appear'd evenly white all over the Plate, did 
tHrough a Prifm appear waved with many Sue-* 
ceflions of Light and Darknefs made by. alter- 
nate Fits of eafy Reflexion and eafy Tranfmiffi- 
pn, the Prifm fevering and difliinguifhing the 
Waves of which the white refled:cd Light was 
compofed^ as vras explain'd above. 

And 





k 






m^m^ 


i 





BOOK II. 257 

And hence Light is in Fits of eafy Reflexion 
and eafy Tranfmiflion, before its Incidence on 
tranfparent Bodies. And probably it is put in- 
to fuch Fits at its firft emiffion from luminous 
Bodies, and continues in them during all its pro- 
grefs. For thefe Fits are of a lafting naturp, a9 
will appear by the next part of this Book. 

In this Propofition I fuppofe the tranfparent 
Bodies to be thick j becaufe if the thicknefs of 
the Body be much lefs thaii*fce Interval of the 
Fits of eafy Reflexion and Tranfmiflion of the 
Rays, the Body lofeth its reflefting power. For 
if the Rays, which at their entering into the 
Body are put into Fits of eafy Tranfmiflion, ar- 
rive at the farthefl: Surface of the Body before 
they be out of thofe Fits, they mufl: be tranfmit- 
ted. And this is the reafon why Bubbles of 
Water lofe their ^refledting power when they 
grow very thin; and why all opake Bodies, when 
reduced into very fmall parts, become tranfpa- 
rent. 

Prop. XIV. 

^hoje Surfaces of tra?2fparent Bodies^ which if the 
Kay be in a Fit of RefraElion do refraB it moft 
Jh^ongly^ if the Ray be in a Fit of Refexion do 
reflect it mofl eafily. 

FO R we fhewed above, in Frop. 8. that the 
caufe of Reflexion is not the impinging of 
Light on the folid impervious parts of Bodies, 
but fome other power by which thofe folid 
parts ad: on Light at a diftance. We fhewed 
alio in Prop. 9. that Bodies refledt and refrad 
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Light by one and the fame power, varioufly cx- 
crcifcd in various circunlftancesj and in Pr(^. i. 
that the moft ftrongly refrafting Surfeces rcflea 
the moft Light: All which compared together 
evince and ratify both this and tnc laft Propo- 
iition. 

Prop, XV. 

In any one and the j^e fort of RaySy emerging in 
any Angle out ofany refra^ing Surface into one 
and the fame Medium^ the Interval of the fol- 
lowing Fits of eafy Reflexion and TiranfmtJJim 
are either accurately or very nearly^ as the ReB- 
ajjgle of the Secant of the Angle of R^fraSiion^ 
and of the Secant of another Angky whofe Sine 
is the firft of 106 arithmetical mean Froporti-- 
onals^ between the Sines of Incidence and Refra^ 
if ion J counted from the Sine rf RefraSlion. 

TH I S is manifcft by the 7th and 19th Obfer- 
vations. 
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Prop. XVL 

In fever al forts of Rays emerging in equal Angles 
out of any refracting Surface into the fame Me-^ 
dium^ the IntervalTof tSe following Fits ofeafy 
Refexion and eafy TranfmtJJion are either accu-^ 
rately^ or very nearly^ as the Cube^Roots of the 
Squares of the lengths of a Chords which Jbund 
the Notes in an Eighty fol, la, fa, fol, la, mi, 
fa, fol, with all their imtermediate degrees an-- 
fivering to the Colours of thofe Rays^ according to 
the Analogy defcrihed in the fevejith Experiment 
of the fecond Fart of thefirjl Book. 

'Tp H I S is manifeft by the 13 th and 14th Ob- 
•*- fcrvations. 

Pftot. XVIL 

If Rays of any fort pafs perpendicularly into feve-- 
ral Mediums^ the Interoah \f tlje Fits of eajy 
Refexion and T^ranfmiJJion in any one Medium^ 
are to thofe Intervals in any other j as the Sine of 
Incidence to the Sine of RefraBion^ when the 
Rays pafs out of the firf of thofe two Mediums 
into the fecond. 

'T^HIS is manifeft by the loth Obferva- 
-*• tion. 
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Prop. XVIII. 

If the Rays wbicb paint the Colour in the Confine 
of yellow and orange pafs perpendicularly out of 
any Medium into Air^ the Intervals of their Fits 

of eafy Refexion are the ^ — tb part of an Inch. 

And of the fame length are the Intervals of their 
Fits of eafy I'ranfmiJJion. 

T^ H I S is manifeft by the 6th Obfervation. 
. ■'- From thefe Propofitions it is eafy to col- 
led: the Intervals of the Fits of eafy Reflexion 
and eafy Tranfmiflion of any fort of Rays refra- 
dted in any Angle into any Medium; and thence 
to know, whether the Rays (hall be refledled or 
tranfmitted at their fubfequent Incidence upon 
any other pellucid Medium. Which thing, be- 
ing ufeful for underftanding the next part of this 
Book, was here, to be fet down. And for the 
fame reafon I add the two following Propofi- 
tions. 
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Prop. XIX. 

If any fort of Rays falling on the polite Surface 
of any pellucid Medium be refeSled backy the Fits 
of eafy Rejlexiony which they have at the point of 
Refexiony Jhall Jiill continue to return -y and the 
Returns Jhall be at dijiances from the point of 
Reflexion in the arithmetical progrejjion of the 
Is umber Sly 4, 6, 8, 10, 12, &c. and between 
thefe Fits the Rays Jhall be in Fits of eafy T'ranJ^^ 
tniJJion. 

"P O R fince the Fits of eafy Reflexion and 
-■- eafy Tranfmiilion arc of a returning na- 
ture, there is no reafon why thefe Fits, which 
continued till the Ray arrived at the refledting 
Medium, and there inclined the Ray to Refle- 
xion, fhould there ceafe. And if the Ray at the 
point of Reflexion was in a Fit of eafy Reflexion, 
the progrefllon of the diftances of thefe Fits 
from that point muft begin from o, and fo be of 
the Numbers o, 2, 4, 6, 8, Gf^. And therefore 
the progreflGion of the diftances of the interme- 
diate Fits of eafy Tranfmifllion, reckon'd from 
the fame point, muft be in the progreftion of 
the odd Numbers i, 3, 5, 7, 9, ^c. contrary 
to what happens .when the Fits are propagated 
from points of Refradlion. 
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Prop. XX. 

Tf'be Intervals of the Fits of eafy Refexion and 
eafy T^ranfmijfion^ propagated from points of 
Refexion into any Medium^ are equal to the 
Intervals of the like Fits^ ivhicb the fame Rays 
would have J if refra5led into the fame Medium 
in Jngles of ReJraStion equal to their Angles of 
Refexion. 

FO R when Light is reflefted by the fecond 
Surface of thin Plates, it goes out after- 
wards freely at the firft Surface to make the 
Rings of Colours which appear by Reflexion } 
and, by the freedom of its cgrefs, makes the 
Colours of thefe Rings more vivid and ftrong 
than thofe which appear on the other fide of 
the Plates by the tranfmitted Light. The re- 
fleded Rays are therefore in Fits of eafy Tranf- 
miflicn at their egrefs; which would not always 
happen, if the Intervals of the Fits within the 
Plate after Reflexion were not equal, both in 
length and number, to their Intervals before it. 
And this confirms alfo the proportions fet down 
in the former Propofition. For if the Rays 
both in going in and out at the firft Surface be 
in Fits of eafy TranfmiflTion, and the Intervals 
and Numbers of thofe Fits between the firft 
and fecond Surface, before and after Reflexion, 
be equal , the diftances of the Fits of eafy 
Tranfiniffion from either Surface, muft be in 
the ^9xat progreflion after Reflexion as before ; 
that is, from the firft Surface which tranfmit- 
ted them, in the progrcffion of the cvea Num- 
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bers o, 2, 4, 6, 8, &r. and from the fecond 
which reflected them, in that of the odd Num- 
bers I, 3, 5, 7, &c. But thcfc two Propofi- 
tions will become much more trident bv the 
Ob&rvations in the following part of this 
Book. 
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PART IV. 



Ohfervations concerning the Reflexions a?id 
Colours of thick transparent polijh'd 
Plates. 

j H E R E is no Glafs or Speculum how 
well foever poliflied,but, befides the 
Light which it refrafts or refledts re- 
gularly, fcattcrs every way irregularly 
a faint Light, by means of which the . 
polifh'd Surface, when illuminated in a dark room 
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1^ a beam of the Sun's Light, may be cafily feen 
in all poiitions of the Eye. There are certain 
Phenomena of this fcatter'd Light, which when 
I j&rft obfcrved them, feem'd very ftrange and 
furprizing to me. My Obfervations were as fol- 
lows. 

Obf. I. The Sun fhining into my darkened 
Chamber through a hole one third of an Inch 
wide, I let the intromitted beam of Light fall 
perpendicularly upon a Glafs Speculum ground 
concave on one nde and convex on the other, 
to a Sphere of five Feet and eleven Indies Ra- 
dius, and Quick-filver'd over on the convex 
fide. And holding a white opake Chart, or a 
Quire of Paper at the center of the Spheres to 
which the Spiculum was ground, that is, at the 
dift:ance of about five Feet and eleven Inches 
from the Speculum, in fuch manner, that the 
beam ®f Light might pafs through a little hole 
made in the middle of the Chart to the Specu- 
lum, and thence be refledted back to the fame 
hole: I obferved upon the Chart four or five 
concentric Irifes or Rings of Colours, like Rain- 
bows, encompafling the hole much after the 
manner that thofe, which in the fourth and fol- 
lowing Obfervations of the firft part of this third 
Book appeared between the Objedt-glafles, en- 
compaffed the black Spot, but yet larger and 
fainter than thofe. Thefe Rings as they grew 
larger and larger became diluter and fainter, fo 
that the fifth was fcarce vifible. Yet fome- 
times, when the Sun {hone very clear, there 
appeared faint Lineaments of a fixth and fe-" 
vcnth. If the diftancc of the Chart from the 



266 O P f I C K S. . 

Speculum was much greater or much Icfs than 
that of fix Feet, the Rings became dilute and 
vani{h*d. And if the diftance of the Speculum 
from the Window was much greater than that 
of fix Feet, the refleftcd beam of Light would 
be fo broad at the diftance of fix Feet from the 
Speculum where the Rings appeared, as to ob- 
fcure one or two of the innermoft Rings. And 
therefore I ufually placed the Speculum at a- 
bout fix Feet from the Window; fo that its 
Focus might there fall in with the center of its 
concavity at the Rings upon the Chart. And 
this Pofture is always to be underftood in the 
following Obfervations where no other is cx- 
prefs'd. 

Obf. 2. The Colours of thefe Rain-bows fuc- 
ceeded one another from the center outwards, 
in the fame form and order with thofc which 
were made in the ninth Obfervation o£ the firft 
Part of this Book by Light not refledted, but 
tranfmitted through tne two Otgeft-glafles. For, 
firft, there was in their common center a white 
round Spot of faint Light, fomethbg broader 
than the refledled beam of Light, which beam 
fometimes fell upon the middle of the Spot, and 
fometimes by a little inclination of the Specu- 
lum receded from the middle, and left the Spot 
white to the center. 

This white Spot was immediately encompaf* 
fed with a dark grey or ruflet,, and that dark grey 
with the Colours of the firft Iris^ which Colours 
on the infide next the dark grey were a littk 
violet and indigo, and next to that a blue, whidi 
en the outfide grew pale, and then fucceeded a 

4 little 
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little grceniih yellow, and after that a brighter 
yellow, and then on the outward edge of the 
Iris a red which on the outlide inclined to pur- 
ple. 

This Iris was immediately encompaffed with a 
fecond, whofe Colours were in order from the in- 
fide outwards, purple, blue, green, yellow, light 
red, a red mix'd with purple. 

Then immediately followed the Colours of the 
third Iris, which were in order outwards a greca 
inclining to purple, a good green, and a red more 
bright than that of the former Iris. 

The fourth and fifth Iris feem'd of a bluifh 
green within, and red without, but fo faintly 
that it was difficult to difcern the Colours. 

Obf. 3. Meafuring the Diameters of thefc 
Rings upon the Chart as accurately as I could, 
I found them alfo in the fame proportion to 
one another with the Rings made by Light tranf- 
mitted through the two Objeca-glafles. For 
the Diameters of the four firft of the bright 
Rings meafurcd between the brightcft parts of 
their Orbits, at the diftance of fix Feet from the 
Speculum were 14^, 2I, 2Tf, 3t Inches, whofe 
Squares are in arithmetical progreffion of the 
numbers i, 2, 3, 4. If the white circular Spot 
in the middle be reckon'd amongft the Rings, 
and its central Light, where it feems to be moft 
luminous, be put equipollent to an infinitely- 
little Ring ; the Squares of the Diameters of tte 
Rings wUl be in the progreffion o, i, 2, 3, 4, 
&c. I meafured alfo tlie Diameters of the dark 
Circles between thefe luminous ones, and found 
their S<juarc5 in th? progreffion of the num- 
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bcrs T, U, 2;, 3^, &c. the Diameters of the 
firft four at the diftance of fix Feet from the 
Speculum, being i-V> 2tV, af, 3^ Inches. If 
the diftance of the Chart from the Speculum 
was incrcafed or diminifhed, the Diameters of 
the Circles were increafed or diminifhed pro- 
portionally. 

Obf.\. By the analogy between thefc Rings 
and thofe defcribed in thie Obferyations of the 
firft Part of this Book , I fufpedted that there 
were many more of them which fpread into 
one another, and by interfering mix'd their Co- 
lours, and diluted one another fo that they could 
not be feen apart. I viewed them therefore 
through a Prifm, as I did thofe in the 24th Ob- 
fervation of the firft Part of this Book. And 
when the Prifm was fo placed as by refradting 
the Light of their mix'd Colours to feparate 
them, and diftinguifh the Rings from one ano- 
ther, as it did thofe in that Observation, I could 
then fee them diftinfter than before, and eafiily 
number eight or nine of them, and fometimes 
twelve or thirteen. And had not their Light 
been fo very faint, I queflion not but that I might 
have feen many more. 

Ohf. 5. Placing a Prifm at the Window to re- 
fradt the intromitted beam of Light, and caft 
the oblong Spedlrum of Colours on the Specu- 
lum : I covered the Speculum with a black Pa- 
per which had in the middle of it a hole to let 
any one of the Colours pafs through to the Spe- 
culum, whilft the reft were intercepted by 
the Paper. And now I found Rings of that Co- 
lour only which fell upon the Speculum. If 

the 
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the Speculum was illuminated with red, the 
Rings were totally red with dark Intervals, if . 
with blue they were totally blue, and fo of the 
other Colours. And when they were illumi-r 
nated with any one Colour, the Squares of their 
Diameters meafured between their moft lumi- 
nous Parts, were in the arithmetical Progreffion 
of the Numbers, o, i, 2, 3, 4, and the Squares 
of the Diameters of their dark Intervals in the 
progreffion of the intermediate Numbers i, ir, 
2iy 32. But if the Colour was varied, they va-' 
ried their Magnitude. In the red they were lar- 
gcft, in the indigo and violet leaft, and in the 
intermediate Colours yellow, green, and blue, 
they were of feveral intermediate Bigneffes an- 
fwering to the Colour, that is, greater in yel- 
low than in green, and greater in green than in 
blue. And hence I knew, that when the Spe- 
culum was illuminated with white Light, the 
red ^d yellow on the outfide of the Rings were 
produced by the leaft refrangible Rays, and the 
blue and violet by the moft refrangible, and that 
the Colours of each Ring fpread into the Co- 
lours of the neighbouring Rings on either fide, 
after the manner explained in the firft and fe- 
cond Part of this Book, and by mixing diluted 
one another fo tiiat they could not be diftin- 
guifh'd, unlefs near the Center where they were 
leaft mix'd. For in this Obfervation I could 
fee the Rings more diftindtly, and to a greater 
.Number than before, being able in the yellow 
Light to number eight or nine of them, be- 
fides a faint Ihadow of a tenth. To fatisfy my 
fclf how much the Colours of the feveral Rings 
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fpread into one another, I meafured the Dia- 
meters of the fecond and third Rings, and found 
them when made by the Confine of the red and 
orange to be to the fame Diameters when made 
by the Confine of blue and indigo, as 9 to 8, 
or thereabouts. For it was hard to determine 
this Proportion accurately. Alfo the Circles 
made fucceflively by the red, yellow, and green, 
differed more from one another than thofe made 
fucceflively by the green, blue, and indigo. For 
the Circle made by the violet was too dark to 
be feen. To carry on the Computation, let us 
therefore fuppofe that the Differences of the 
Diameters of the Circles made by the outmoft 
red, the Confine df red and orange, the Confine 
of orange and yellow, the Confine of yellow 
and green, the Confine of green and blue, the 
Confine" of blue and indigo, the Confine of in- 
digo and violet, and outmoft violet, are in pro- 
portion as the Diflferences of the Lengths. of a 
Monochord which found the Tones in an Eight; 
foly la^ fa, foU Ici, mi, fa, fol, that is, as the 
Numbers ir, rr, rV, tV, ^, ^, -rr. And if the 
Diameter of the Circle made by the Confine of 
red and orange be 9 A, and that of the Circle 
made by the Confine of blue and indigo be 8 A 
as above ; their difference 9 A — . 8 A will be 
to the difference of the Diameters of the Cir- 
cles made by the outmofl red, and by the Con- 
fine of red and orange, asTT+A+rr-'-^^^i* 
that is as tV to \, or 8 to 3, and to the diffe- 
rence of the Circles made by the outmoft vio- 
let, and by the Confine of blue and indigo, as 
tt + tt+tV+tt tOTTH- iV, diat is, as ^ to ,V» 

Of 
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or as 16 to 5. And therefore thefc differences 
will be I A and ^ A, Add the firft to 9 A and 
fubdudt the laft from 8 A, and you will have the 
Diameters of the Circles made by the leaft and 

moft refrangible Rays ^^ A and^A. Thefe di- 
ameters arc therefore to one another as y^ to 
6iioT 50 to 41, and their Squares as 2500 to 
168 1, that is, as 3 to 2 very nearly. Which 
proportion differs not much from the proportion 
of the Diameters of the Circles made by the 
outmoft red and outmoft violet, in the 13 th Ob- 
fervation of the firft part of this Book. 

06f 6. Placing my Eye where thefe Rings 
appear'd plaineft, I faw the Speculum tinged all 
over with W^ves of Colours, (red, yellow, green, 
blue J ) like thofe which in the Obfervations of 
the firft part of this Book appeared between 
the Objedl-glaflcs, and upon Bubbles of Water, 
but much larger. And after the manner of thofe, 
they were of various magnitudes in various Pot* 
fitions of the Eye, fwelTing and ftirinkihg as I 
moved my Eye this way and that way. They 
were formed like Arcs of concentrick Circles, as 
thofe were; and when my Eve was over againft 
the center of the concavity or the Speculum, (that 
is, 5 Feet and 10 Inches diftant from the Specu- 
lum,) their common center was in a riglit Line 
with that center of concavity, and with the 
hole in the Window. But in other poftures of 
my Eye their center had other pofitions. They 
appear'd by the Light of the Clouds propagated 
to the Speculum through the hole in the Win- 
dow; and vrbcti the Sun ftione through that 
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hole upon the Speculum, his Light upon it was 
of the Colour of the Ring whereon it fell, but by 
its fplendor obfcured the Rings made by the Light 
of the Clouds, unlefs when the Speculum was 
removed to a great diftance from the Window, 
fo that his Light upon it might be broad and faint 
By varying the polition of my Eye, and moving 
it nearer to or farther from the diredt beam of the 
Sun's Light, the Colour of the Sun's rcfleftcd 
Light conftantly varied upon the Speculum, as it 
did upon my Eye, the fame Colour always ap- 
pearing to a By-ftander upon my Eye which to 
me appeared upon the Speculum. And thence I 
knew that the Rings of Colours upon the Chart 
were made by thefe refledtcd Colours, propagated 
thither from the Speculum in feveral Angles, and 
that their produdlion depended not upon the ter- 
mination of Light and Shadow, 

Ohf. 7. By the Analogy of all thefe Pheno- 
mena with thofe of the like Rings of Colours 
defcribed in the firft part of this Book, it fecm- 
ed to me that thefe Colours were produced by 
this thick Plate of Glafs, much after the manner 
that thofe were produced by very thin Plates. 
For, upon trial, I found that if the Quick-fil- 
vcr were rubb*d off from the backfide of the 
Speculum, the Glafs alone would caufe die 
fame Rings of Colours, but much more faint 
than before; and therefore the Phsenomenon 
depends not upon the Quick-rfilver, unlefs fo far 
as the Quick-filvcr by increafing the Reflexion 
of the backfide of the Glafs increafes the Lijglit 
of the Rings of Colours. I found alfo t;&^ta 
Speculum of Metal without Glaf§' made fpmc 

Years 
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Years fince for optical ufes, and very well 
wrought, produced none of thofc Rings ; and 
thence I underftood that thefe Rings arife not 
from one fpecular Surface alone, but depend 
upon the two Surfaces of the Plate *of Glafs 
whereof the Speculum was made, and upon the . 
thicknefs of the Glafs between them. For 
as in the 7th and ipthObfervations of the firft 
part of this Book a thin Plate of Aif, Water, 
or Glafs of an even thicknefs appeared of one 
Colour when the Rays were perpendicular to 
itj of another when they were a little oblique, ' 
of another when more oblique, of anotlier when 
ftill more oblique, and fo on ; fo here, in the 
fixth Obfervation; the Light which emerged 
out of the Glals in feveral Obliquities, made the 
Glafs appear of feveral Colours, and being pro- 
pagated in thofe Obliquities to the Chart, there 
painted Rings of thofe Colours. And as the 
reafon why a thin Plate appeared of i^veral Co- 
lours in feveral Obliquities of the Rays, was, 
that the Rays of one and the fan^e fort are re- 
fle<a:ed by the thin Plate at one obliquity and 
tranfmitted at another, and thofe of other forts 
tranfmitted where thefe are refleded, and rc- 
fle<3:ed where thefe arc tranfmitted : So the 
reafon why the thick Plate of Glafs whereof 
the Speculum was made did appear of various 
Colours in various Obliquities, and in thofc 
Obliquities propagated thofe Colours to the 
Chart, was, that the Rays of one and the 
fame fort did at one Obliquity emerge out 
of the Glafs, at another did not emerge, but 
were rcflcdcd back towards the Quick-filver 
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by the hither Surface of the Glafs, and according- 
ly as the Obtiquity became greater and greater, 
emerged and were refledted ahernately for ma- 
ny Succeflions; and that in one and the fame 
Obliquity the Rays of one fort were reflcifted, 
and thofe of another tranfmitted. This is ma- 
nifeft by the fifth Obfervation of this part of this 
Book. For in that Obfervation, when the Spe- 
culum was illuminated by any one of the prit- 
matick Colours, that Light made many Rings 
of the fame Colour upon the Chart with dark 
Intervals, and therefore at its emergence out of 
the Speculum was alternately tranfmitted and 
not tranfmitted from the Speculum to the Chart 
for many Succeliions, according to the various 
Obliquities of its Emergence. And when the 
Colour caft on the Speculum by the Prifm was 
varied, the Rings became of the Colour caft on 
it, and varied their bignefs with their Colour^ 
and therefore the Light was now alternately 
tranfmitted and not tranfmitted from the Spe- 
culum to the Chart at other Obliquitiss than 
before. It feemed to me therefore that thefe 
Rings were of one and the fame original with 
thofe of thin Plates, but yet with this difference, 
that thofe of thin Plates are made by the alter* 
nate Reflexions and Tranfmifiions of the Rays 
at the fecond Surface of the Plate, after one paf- 
fagc through it; but here the Rays go twice 
through the Plate before they arc alternately rc- 
flefted and tranfinittcd. Firft, they go through 
it from the firft Surface to the Quick-filver, and 
then return through ij; from the Quick-filver 
to the firft Surface^ and there are either tcani^ 

mitted 
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mittcd to the Chart or refleded back to the 
Qujck-filvcr, accordingly as they are in their 
Fits of eafy Reflexion or Tranlmiflion when 
they arriye at that Surface. For the Intervals 
of the Fits of the Rays which fall perpendicu- 
larly on the Speculum^ and are reflefted back 
in the fame perpendicular Line$, by reafon of 
the equality of thefe Angles and Lines, are of 
the fame length and number within the Glafs 
after Reflexion as before, by the 19th Propofi- 
tion of the third part of this Book* And there- 
fore fince all the Rays that enter through the 
firft Surface are in their Fits of eafy Tranfmif- 
fion at their entrance, and as many of thefe as 
are reflected by the fecond are in their Fits of 
eafy Reflexion there, all thefe muft be again in 
their Fits of eafy Tranfmiflioii at their return 
to the firft, and by confequence there go out 
of the Glafs to the Chart, and form upon it the 
white Spot of Light in the center of the Rings. 
For the reafon holds good in all. forts of Rays, 
and therefore all forts muft go out promifcu- 
oufly to that Spot, and by their mixture caufe 
it to be white. But the Intervals of the Fits of 
thofe Rays which ate reflected more obliquely 
than they enter, muft be greater after Reflexion 
than before, by the 15th and 20th Propofitions. 
And thence it may happen that the Rays at their 
return to the firft Surface, may in certain Ob- 
liquities be in Fits of eafy Reflexion, and return 
back to the Qujck-filver, and in other interme- 
diate Obliquities be again in Fits of eafy Trant- 
milFion, and fo go out to the Chart, and paint 
on it the Rings of Colours about the white Spot. 

T 2 Atvd 
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And becaufe the Intervals of the Fits at equal 
obliquities arc greater and fewer in the lefs re- 
frangible Rays, and lefs and more numerous in 
the more refrangible, therefore the lefs refrangi- 
ble at equal obliquities fliall make fewer Rings 
than the more refrangible, and the Rings made 
by thofe (hall be larger than the like number of 
Rings made by thefe; that is, the red Rings 
fhall be larger than the yellow, the yellow than 
the green, the green than the blue, and the blue 
than the violet, as they were really found to be 
in the fifth Obfervation. And therefore the firft 
Ring of all Colours encompafling the white 
Spot of Light fliall be red without any violet 
within, and yellow, and green, and blue in the 
middle, as it was found in the fecond Obferva- 
tion ; and thefe Colours in the fecond Ring, and 
thofe 'that follow, fhall be more expanded* till 
they fpread into one another, and blend one an- 
other by interfering. 

Thefe feem to be the reafons of thefe Rings 
in general ; and this put me upon obferving the 
thicknefs of the Glafs, and confidering whether 
the dimenfions and proportions of the Rings may 
be truly derived from it byx:omputation. 

Objl 8. I meafured therefore the thicknefs of 
"this concavo-convex Pkte of Glafs, and found it 
every where } of an Inch precifely. • Now, by 
the fixth Obfervation of the firft Part of this 
Book, a thin Plate cf Airtranfmits the brightcft 
Light of the firft Ring, that is, the bright yel- 
low^ when its thicknefs is tlie ^-^ th part of aii 

Inch; and by the tenth Obfervation of the fame 

Part, 
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Part, a thin Plato of Glafs tranfmits the*fame 
Light of the fame Ring, when its thickncfs is 
lefs in proportion of the Sine of* Refradtion to 
the Sine of Incidence, that is, when its thick- 

nefs is the , '' ^^ th or -' — th part of an Inch, 
151 3000 I37S45 ^ 

fuppoling the Sines are as 1 1 to 17. And if this 
thicknefs be doubled, it tranfmits the fame bright 
Light of the fecond Ring ; if trippled, it trans- 
mits that^of the third, and fo on;, the bright 
yellow Lightnn all thefe cafes being in its Fits 
of Tranfmiflion. And therefore if its thicknefs 
. be multiplied 34386 times, fo as to become J of 
an Inch, it tranfmits the fame' bright Light of 
the 343 86th 'Ring. Suppofe this be the bright 
yellow Light tranfmitted perpendicularly from 
the reflefl-ing convex fide of the Glafs through 
the concave fide to the white Spot in the cen- 
ter of the Rings of Colours on the Chart: And 
by a Rule in the 7th and 19th Obfervations in 
the firfi: Part of this Book, and by the 15 th and 
20th Pfopofitions of the third^Part of this Book, 
if the Rays be made oblige to the Glafs, the 
thickneft of the Glafs requifitc to tranfmit the 
fame bright Light of th(? fame Ring in any ob- 
liquity, is to this thicknefs of J of an Inch, as the 
Secant of a certain Angle to the Radius, the 
Sine of which Angle is the firfi: of an hundred 
and fix arithmetical Means between the Sines 
of Incidence and Refrad:ion, cpunted from the 
Sine of Incidence when the Refraftion is made 
out of any plated Body into any Medium en- 
compafling it ; that is, in this cafe, out of Glafs 
into Air, Now if the thicknefs of the Glafs bo 

T 3 increafed 
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increafed by degrees, fo as. to bear to its firft 
thicknefs, (viz. that of a quarter of an Inch,) 
the Proportions which 34386 (the, number of 
Fits of the perpendicular Rays in going through 
the Glafs towards the white Spot in the center 
of the Rings,) hath to 34385, 34384, 34383^ ^^ 
34382, (the numbers of the Fits of theoblv^ue 
Ravs in going through the Glafs towards the 
firft, fecond, third, and fourth Rings of Co- 
lours, ) and if the firft thicknefs be divided in- 
to 1 00000000 equal parts, the increafed thick- 
nefTes will be 100002908, j 000058 16, 100008725, 
and 100011633, and thq Angles of which thcfe. 
thicknefles are Secants will be 26' 13", 37' 5", 
45' 6", and 52' 26", the Radius being loooooooo} 
and the Sines of thefe Angles are 762, 1079, 
132 1, and 1525, and the proponional Sines of 
Refraiftion 1 172, 1659, 203 1, and 2345, the Ra- 
dius being 100900. For fince the Sines of In- 
cidence out of Glafs into Air are to the Sines 
of Refradion as ii to 17, and to the above- 
mentioned Secants ^s 1 1 to the firft of 106 arith- 
metical Means betv^n 11 and 17, that is, as 

1 1 to 1 1 j3g, tbofe Secants will be to the Sine* 

of Refradion as 1 1 753 to 17, and by this Ana-i 

logy will give thefe Sines. So then, if the ob- 
liquities of the Rays to the concave Surface of 
the Glafs be fuch that die Sines of their Rcfra- 
ilion in pafiing out of the Glafs through' that 
Surface into the Air be 1 172, 1659, 203 1, 2345, 
the bright Light of the 34386th Ring fhall c- 
mcrge at the diickneffes of the Glafs, which an? 

3 W 
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to J of aninch as 34386 to 34385, 34384, 34383* 
34382, refpedtively. And therefore, if the thick- . 
nefs in all thefc Cafes be J of an Inck (as it is in 
the Glais of which the Speculum was made) 
the bright Light of the 34385th Ring (hall e- 
merge where the Sine of -Refradlion is 1172, 
and that of the 34384th, 34383th, and 3438fth 
Ring where the Sine is 1659, ^^3^ ^^^^2^45 
refpeftively. And in thefe Angles of Refra- 
<5tion the Light gf thefe Ri'nffs fhall be propaga- 
ted from the Speculum to the Chart, and there 
paint Rings about the white central rqund Spot 
of Light which we faid was the Light of the 
34386th Ring. And the Semidiameters of thefe 
Rings fhall lubtend the Angles of Refraction 
made at th| Concave-Surface of the Speculum, 
and by conlequence their Diameters fhall be to 
the diflance o^ the Chart froTtn the Speculum as 
thofe Sines of ftefraftion doubled are to the 
Radius, ^J^at is, as 1172, 1659, 2031,- and 2345, 
doubled are to looooo. And' therefore, if the 
diflance of the Chart from the Concave-Surface 
of the Speculum be fix Feet ( as it was in the 
third of thefe Obfervations) the Diameters of 
the Rings of this bright yellpw Light upon the 
Chart fhall be i'688, 2*389, 2*925, 3*375 Inches: 
For thefc Diameters are to fix Feet, as the above- 
mention'd Sines doubled are to the Radius. 
Now, thefe Diameters .of the bright yellow 
Rings,' thus found by Computation are the 
very fame with thofe found in' the third of thefe 
Obfervations by meafuring them, viz. with 
ixJ, 2 5, 2 {J, and 3g Inches, and therefore the 
Theory of deriving thefe Rings from the thicks 

T 4 nefs 
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ncfs of the Plate of Glafs of which the Specu- 
lum was made, and from the Obliquity of the 
emerging Rays agrees with the Obfervation. In 
this Computation 1 have equalled the Diameters 
of the bright Rings made by Light of all Co- 
lours, to the Diameters of the Rings made by 
the bright yellow. For this yellow makes the 
brighteft Part of the Rings of all Colours., If 
you defire the Diameters of the Rings made by the 
" Light of any other 'unmix'd Colour, you may 
find them readily by putting thdm to the Diame- 
ters of the bright yellow ones in a fubduplicate 
Proportion of the Intervals of the Fits of the 
Rays of thofe Colours when equally inclined to 
the refrafting or refledting Surface which caufcd 
thofe Fits, that is, by putting the Diameters of 
the Rings made by the Rays in th^ Extremities 
and Limits of the* feven Colours, red, orange, 
yellow, green, blue, indigo,. violet, proportion 
nal to the Cube-roots of the Numbers, i, |, 5,5, 
t) V ^«' 5» which^ exprefs the Lengths flf a Mono- 
chord founding the Notes in an Eighth: For 
by this means. the Diameters" of the Rings of 
•thefe Colours will be found pretty nearly in 
the fame Proportion to one another, which 
they ought to have by the fifth of thefe Obferva- 

tions. 

• 

And thus I fatisfy'dmy felf, that thefe Rings 
were of the fame Kind and Original with thofe 
of thin Plates, and by confequence that the Fits 
or alternate Difpofitions of the Rays to be 
refledted and tranfmitted are . propagated to 
great diftances from every reflcdting and re- 
Fradting Surface. But yet to put the mas- 
ter 
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ter out of doubt, I added the following Obfer- 
vation. 

ObJ[ 9. If thefe Rings thus depend on the 
thicknefs of the Plate of Glafs, their Diameters 
at equal diftances from feveral Speculums made 
of fuch concavo-convex Plates of Glafs as are 
ground on the fame Sphere, ought to be recipro- 
cally in a fubduplicate Proportion of the thick- 
neffes of the Plates of Glafs. And if this Pro- 
portion be found true by experience it will amouqt 
to a demonftration that thefe Rings (like thofe 
formed in thin Plates) do depend on the tliick- 
nefs of the Glafs. I procured therefore ano- 
ther concavo-convex Plate of Glafs ground on 
both fides to the fame Sphere .with the former 
Plate. Its thicknefs was /j Parts of an Inch j 
and the Diameters of the three firft Bright Rings 
meafured between the brighteft Parts of their 
Orbits at the diftance of fix Feet from the 
Glafs wxre 3. 4^-. 54. Inches. Now, the thick- 
nefs of the other Glafs being J of an Inch was 
to the thicknefs of this Glafs as ? to ^, that is 
as 3 1 to 10, or 310000000 to 1 00000000, and 
theRoots of thefe Numbers are 17607 and loooo, 
and in the Proportion of the firft of thefe Roots 
to the fecond are the Diameters of the bright 
Rings made in this Obfcrvation by the thinner 
Glafs, 3. 4i. 5g, to the Diameters of the fame 
Rings made in the third of thefe Obfervations 
by the thicker Glafs i-;j-. 2I. 2Tt, that is, the Dia- 
meters of the Rings are reciprocally in a fubdu- 
plicate Proportion of the thicknefles of the Plates 
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So then in Plates of Glafs which arc alike 
concave on one fide, and alike convex on the 
odier fide, and alike quick-filver'd on the con- 
vex fides, and differ in nothing but their thick* 
nefs, the Diameters of the Rings are reciprocally 
in a fubduplicate Proportion of the thickncfles of 
the Plates. And this fhews fufficiently that the 
Rings depend on both the Surfaces of the Glafi 
They depend on the convex Surface, becaufe they 
are more luminous when that Surface is quick- 
filver'd over than when it is without Quick-filvcn 
They depend alfo upon the concave Surface, be- 
caufe without that Surface a Speculum makes them 
not. They depend on both Surfaces, and on the 
diftances between them, becaufe their bignefs is 
varied by varying only that difl:ance. And this 
dependance is of the fame kind with that which 
the Colours of thin Plates have on the dMlancc 
of the Surfaces of thofe Plates, becaufe the big- 
nefs of the Rings, and their Proportion to one 
another, and the variation of their bignefs arifing 
from the variation of the thicknefs of the Glafs, 
and the Orders of their Colours, is fuch as ought 
to refult from th« Propofitions in the end of the 
third Part of this Book, derived from the Pheno- 
mena of the Colours of thin Plates fet down in 
the firft Parr. 

There are yet other Pha^nomena of thefe Rings 
of Coloursj but fuch as follow fi"om the fame 
Propofitions, and therefore confirm both the 
Truth of thofe Propofi»tions, and the Analogy be- 
tween thefe Rings and the Rings of Colours 
made by very thin Plates, I ihall fubjoin fome 
of them. 

Obf. 
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Obf. 10. When the beam of the Sun's Light 
was refledted back- fronf the Speculum pot di- 
redtly to the hole in the Window, but ^o a place 
a little diftant from it, the common center of 
that Spot, and of all the Rings of Colours fell 
in the middle way between the beam of the in^ 
cident Light, and the beam of the refle<Seci 
Light, and by confequence in the center of the 
fpherical concavity of the Speculum,, whenever 
the Chart on which the Rings of Colours fell 
was placed at that center. And as the beam of 
reflected Light by inclining the Speculum re- 
ceded more and more from the beam of inci- 
dent Light and from the common center of the 
coloured Rings between them, thofe Rings grew 
bigger 4nd bigger, *nd fo alfo did the white 
round Spot, and new Rmgs of Colours emer- 
ged fucceflively out of tncir common center', 
and the white Sp©t became a white Ring en- 
compaffing them; and the incident and reflected 
beams of Light always fell upon the oppofitc 
parts of this white Ring, illuminating its Peri- 
meter like two mock Suns in the oppolkc parts 
pf an Iris, So then the Diameter of this Ring, 
meafured from the middle of its Light on one 
fide to the middle of its Light on the other fide, 
was always equal to the diftance between the 
middle of the incident beam of Light, and the 
middle of the refledted beam meafured at the 
Chart on which the Rings appeared: And the 
Rays which form'd this Ring were reflcfted by 
die Speculum in Angles equal to their Angles of 
Incidence, and by confequence to their Angles 
pf Refraftion at their entrance into the Giafs, 




but yet their Angles of Reflexion were not in 
the fame Planes with their Angles of Inci- 
dence. 

Ohf. II. The Colours of the new Rings were 
in a contrary order to thofe of the former, and 
arofe after this manner. The white round Spot 
of. Light in the middle of the Rings continued 
white to the center till the diftance of the inci- 
dent and refleded beams at the Chart was about 
\ parts of an Inch, and then it began to grow 
dark in the middle. And when that diftance ^vas a- 
bout I tV of an Inch, the white Spot was become 
a Ring encompafling a dark round Spot which in 
the middle inclined to violet and indigo. And 
the luminous Rings encompafling it were grown 
equal to thofe dark ones \yiich in the four firft 
Obfervations encompaflfed them, that is to fay, 
the white Spot was gifcwn a white Ring equal to 
the firft of thofe dirk Rings, and the nrft of 
thofe luminous Rings was now grown equal to 
the fecond of thofe dark ones, and the fc- 
cond of thofe luminous ones to the third of 
thofe d^rk ones, and fo on. For the Diameters 
of the luminous Rings were now i-nr, 2 it, 2/, 
3 iV, €s?f . Inches. 

When the diftance between the incident and 
refleded beams of Light became a little big- 
ger, there emerged out of the micjdle of the 
dark Spot after the indigo a blue, and then out 
of that blue a pale green, and foon after a yel- 
low and lied. And when the Colour at the 
center was brighteft, being between yellow and 
red^ the bright Rings were grown equal to thofc 
Ririgs which in the four firft Obfervations next 

encom- 
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ncompaffcd thcmj that is to fay, the white 
'pot in the mrddle of thofe Rings was now be-' 
:ome a white Ring equal to the firft of thofe 
aright Rings, and the firft of thofe bright ones 
v^s now become equal to the fecond of xhofe, 
md fo on. For the Diameters of the white 
ting, and of the other luminous Rings encx)m- 
>affing it, were now li^, 2|, 2tv, 2h ^^* ^^ 
thereabouts. 

When the diftance of the two beams of 
Light at the Chart was a little more increafed, 
liere emerged out of the middle in order after 
the red, a purple, a blue, a green, a yellow, 
ind a red inclining much to purple, and when 
the Colour was brighteft being between yellow 
and red, the former indigo, blue, green, jrel- 
loiw and red, were become an Iris or Ring of 
Colours equal to the firft of thofe luminous 
Rings which appeared in the four firft Obifor- 
vations, and the white Ring which was now 
become the fecond of the luminous Rings was 
grown equal to the fecond of thofe, and the 
firft of thofe which was now become the third 
Ring was become eoual to the third of thofe, 
and fo on. For their Diameters were ivJ, 2I, 
2tt, 3 ^Inches, the diftance of the two beams 
of Light, and the Diameter of the white Ring 
being 2t Inches. 

• * When thefe two beams became more diftant 
there emerged out of the middle of the pur- 
plifh red, firft a darker round Spot, and thea 
out of the middle pf that Spot a brighter. And 
now the former Colours ( purple, blue^ green, 
yellow, and purplifti red) were become- a Ring 

equal 
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equal to the firft of the bright Rings mentioned 
in the four firft Obfervations, and the Ring^ 
about this Ring were grown equal to the Rings 
about that rel'pedlively j the diftance between 
the two beams of Light and the Diameter of the 
white Ring ( which was now become the third 
Ring ) being about 3 Inches. 

The Colours of the Rings in the middle be- 
gan now to grow very dilute, and if- the di- 
.ftancc between the two Beams was increafed 
half an Inch, or an Inch more, they vanifh'd 
whilft the white Ring, with one or two of the 
Rings next it on either fide, continued ftill vi- 
fible. But if the diftance of the two beams of 
Light was ftill more increafed, thefe alfo va- 
niihcd : For the Light which coming from fc- 
vcral parts of the hole in the Window fell up- 
on the Speculum in fcveral Angles of Incidence, 
made Rings of feveral bignelfes, which diluted 
and blotted out one another, as I knew by inter- 
cepting fome part of that Light. For if I in- 
tercepted that part which was neareft to the 
Axis of the Speculum the Rings would be leis, 
if the other part which was remoteft from it 
they would be bigger. 

Obf. 12. When the Colours of the Prifm 
were caft fucceflively on the Speculum, that 
Ring which in the two laft Obfervations was 
white, was of the fame bignefs in all the Co- 
lours, but the Rings without it were greater in 
|he green than in the blue, and ftill greater in 
the yellow, and greateft in the red. And, on the 
contrary, the Rings within that white Circle 
were lefs in the green than in the blue, and ftill 

lefs 
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^ lefs in the yellow, and leaft in the red. For the 
1^ Angles of Reflexion of thofe Rays which made 
H this Ring, being equal to their Angles of Inci- 
« dence, the Fits of every refleded Ray within 
i the Glafs after Rci^lexion are equal in length 
t and number to the Fits of the fame Ray with- 
in the Glafs before its Incideacc on the refledt- 
' ing Surface- And therefore fince all the Rays 
. of all forts at their entrance into the Glafs were 
i in a Fit of Tranfmifllion, they were alfo in a Fit 
i of Tranfmiffion at their returning to the fame 
. Surface after Reflexion; and by coniequence 
were tranfmitted, and went out to the white 
Ring on the Chart.. This is the reafon why 
that Ring was of the fame bignefs in all the Co- 
lours, and. why in a mixture of all it appears 
white. But in Rays which are refledled'in o- 
ther Angles, the Intervals of the Fits of the 
leaft refrangible being greateft, make the Rings 
of their Colour in their progrefs from this white 
Ring, either outwards or inwards, increafe or 
decreafe by the greateft fteps -, fo that the Rings 
of this Colour without are greateft, and within 
leaft. And this is the reafon why in the laft 
Obfervation, when the Speculum was* illumina- 
ted with white Light, the exterior Rings made 
by zM Colours appeared red without and blue 
within, and the interior blue without ^d red 
within. 

Thefe arc the Phaenomena of thick convexo- 
^ncave Plates of Glafs, which are every where 
of the fame thicknefs. There are yet other 
Phaenomena when thefc^Platcs are a little thick- 
er on one fide than on the otlier, and others 

when 
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when the Plates v^ more or lefs concave than 
convex, or plano-convex, or double-convex. For 
in all thefe cafes the Plates make Rings of Co- 
lours, but after various manners ; all which, fo 
far as 1 have yet obferved, follow from thePro- 
pofitions in the end of the third 'part of this 
Book, and fo confpire to confirm the truth of 
thofe Propofitions. But the Phaenomcna "arc 
too various, and the Calculations whereby they 
follow from thofe Propofitions too intricate to 
be here profecuted. I content my felf with ha- 
ving profecuted this kind of Pha?nomena fo far 
as to difcover their Caufe, and by difcovcring 
it to ratify the Propofitions in the third Part of 
this Book. 

Off. 1^- As Light reflefted by a Lens quick- 
filver'd on the backfide makes the Rings of Co- 
lours above defcribed, fo it ought to make the 
like Rings of Colours in pafling through a drop 
of Water. At the firft Reflexion of the Rays 
within the drop, fome Colours ought to be 
tranfmitted, as in the cafe of a Lens, and others 
to be refleficd back to the Eye. For inftance, 
if the Diameter of a fmall drop or globule of 
Water be xibout the 5coth part of an Inch, fo 
that a red-making Ray in pafling through the 
middle of this gtobule has 250 Fits of czfy 
Tranfmiflion within the globule, and that all 
the red-making Rays which are at a certain di- 
ftance from this middle Ray round about it 
have 249 Fits within the globule, and all the 
like Rays af a certain farther diftance round a- 
bout it have 24S Fits, and all thofe at a cer- 
tain farther diltancc 247 Fits, and fo on; thefe 

concern- 
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conccntrick Circles of Rays after their trant- 
miffion, falling on a white Paper, will make 
concentrick Rings of red upon the Paper, fup- 
pofing the Light which paffes through one fm-^ 
gle globule, ftrong enough to be fenfible. And, 
in like manner, the Rays of other Col|3urs will 
make Rings of other Colours. . Suppofe now 
that in a fair Day the Sun fliines through a thia 
Cloud of fuch globules of Water or Hail, and 
that the globules are all of the fame bignefs; 
and the Sun feen through this Cloud fhail ap- 
pear encompafled with the like concentrick 
Kings of Colours, and the Diameter of the firft 
Ring of red (hall be 7^ Degrees, that of the fe- 
cond loi Degrees, that of the third 12 Degrees 
33 Minutes. And accordingly as the Globules 
of Water are bigger or lefs, the Rings (hall be 
lefs or bigger. This is the Theory, and Expe- 
rience anfwersit. • For in ^tme 1692, I faw by 
reflexion in a Veflel of ftagnating Water three 
Halos, Crowns, or Rings of Colours about the 
Sun, like three little Rain-bows, concentrick 
to his Body. The Colours of the firft or in- 
nermoft Crown were blue next the Sun, red 
without, and white in the middle between the 
blue and red. Thofe of the fecond Crown 
were purple and blue within, and pale red with- 
out, and green in the middle. And thofe of 
the third were pale blue within, and pale red 
without \ thcfe Crowns enclofed one another 
immediately , fo that their Colours proceeded 
in this continual order from the Sun outward: 
blue, white, redj purple, blue, green, pale 

U yellow 
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yellow and red j pale blue, pale red. The Di- 
ameter of the fecond Crown meafured from 
the middle of the yellow and red on one fide 
of the Sun, to the middle of the fame Colour 
on the other fide was pr Degrees, or therea- 
bouts. The Diameters of the firfl: and third 
I had not time to meafure, but that of the firft 
feemcd to be about five or fix Degrees, and 
that of the third about twelve. The like 
Crowns appear fometimes about the Moonj 
for in the beginning of the Year 1664, P^^* 
19th at Night, I faw two fuch Crowns about 
her. The Diameter of the firfl: or innermoft 
was about three Degrees, and that of the fe- 
cond about five Degrees and an half. Next a- 
bout the Moon was a Circle of white, and next 
about that the inner Crown, which was of a 
bluifh green within next the white, and of a 
yellow and red without, and next about thcfe 
Colours were blue and green on the infide of 
the outward Crown, and red on the outfide of 
it. At the fame time there appear'd a Halo a- 
bout 2.2 Degrees 35' difl:ant from the center of 
the Moon. It was elliptical, and its long Dia- 
meter was perpendicular to the Horizon, verg- 
ing below fartheft from the Moon. I am told 
that the Moon has fometimes three or more 
concentrick Crowns of Colours encompafling 
one another next about her Body. The more 
equal the globules of Water or Ice are to one 
another, the moFe-Crowns of Colours will • ap- 
pear, and the Colours will be the more lively. 
The Halo at the difliance of 22 t Degrees from 

the 
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By its being oval 
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the Moon is of another fort, 
and remoter from the Moon below than above^ 
I conclude, that it was made by Refradion in 
fome fort of Hail or Snow fldating in the Air in 
an horizontal pofture, the refrafting Angle being 
about 58 or 60 Degrees. 
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PART I. 



Obfervations concerning the Inflexions of 
the Rays of Light.y and the Colours 
made thereby. 

\RIMALDO has inform'd us, that 
if a beam of the Sun*s Light be let in- 
to a dark Room through a very frtiall 
hole, the Shadows of things in this 
Light will be larger than they ought to be if 
the Rays went on by the Bodies in ftrait Lines, 

and 
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and that thefe Shadows have three parallel 
Fringes, Bands or Ranks of coloured Light ad- 
jacent to them. But if the Hole be enlarged 
the Fringes grow broad and run into one i»jiO- 
ther, fo that they cannot be diftinguifli'd. Thefe 
broad Shadows and Fringes have been reckon'd 
by fome to proceed from the ordinary refradion 
of the Air, but without due examination of tlie 
Matter. For the circumftances of the Phaeno- 
menon, fo far as I have obferved them, are as 
follows. 

Obf. I. I made in a piece of Lead a fmall 
Hole with a Pin, whofe breadth was the 42d 
part of an Inch. For 2 1 of thofe Pins laid to- 
gether took up the breadth of half an Inch. 
Through this Hole I let into my darken'd 
Chamber a beam of the Sun's Light, and found 
that the Shadows of Hairs, Thred, Pins, Straws, 
and fuch like flender Subftanccs placed in this 
beam of Light, were confiderably broader than 
they ought to be, if the Rays of Light pafTed 
on by thefe Bodies in right Lines. And parti- 
cularly a Hair of a Man's Head, whofe breadth 
was but the 280th part of an Inch, being held ia 
this Light, at the diftance of about twelve Feet 
from the Hole, did caft j^ Shadow which at the 
diftance of four Inches from the Hair was, the 
iixtieth part of an Inch broad, that is, above 
four times broader than the Hair, and at the di- 
ftance of two Feet from the Hair was about tte 
eight and twentieth part of an Inch broad, that 
iis, ten times broader than the Hair, and at the 
diftance of ten Feet was the eighth part of an 
Inch broady that is .3 5 tiities broader, 

U ^ '^^^ 
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Nor is it material whether the Hair be en- 
compaffed with Air, or with any other pellucid 
Subftance. For I wetted a polifh'd Plate of 
Glals, and laid the Hair in the Water upon the 
Glals, and then laying another polifli'd Plate of 
Glafs upon it, fo that the Water might fill up 
the fpace between the Glafles, I held them in 
the aforefaid beam of Light, fo that the Light 
might pafs through chena perpendicularly, and 
the Shadow of the Hair was at the fame di- 
ftances as big as before. The Shadows of 
Scratches made in polifti'd Plates of Glafs were 
alfo much broader than they ought to be, and 
the Veins in polifh'd Plates of Glafs did alfo cait 
the like broad Shadows. And therefore the 
great breadth of thefe Shadows proceeds from 
fome other caufe than the Refradion of. the 
Air. 

Let the Circle X [in Fig. !•] reprefent the 
middle of the Hair; ADG, BEH, CFI, 
three Rays paffing by one fide of the Hair at 
feveral diftances; KNQ^LOR, MPS, three 
other Rays pafling by the other fide of the Hair 
at the like diftances; D, E,F, andN,0,P, the 

J)laces where the Rays are bent in their paf- 
age by the Hair ; G, H, I, and Q^, S, the 
places wliere the Rays fall on a Paper GQj 
I S the breadth of the Shadow of the Hair cafT 
on the Paper, and TI, VS, two Rays pafling 
to the Points I and S without bending when 
the Hair is taken away. And it's manircft that 
all the Light between thefe two Rays TI and 
V S is bent in paffing by the Hair, and turned 
afide from the Shadow IS, becaufe if any part 

of 
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of this Light were not bent it would fall on the 
Paper within the Shadow, and there illuminate 
the Paper, contrary to experience. And becaufe 
when the Paper is at a great diftance from the 
Hair, the Shadow is broad, and therefore the 
Rays TI and VS are at a great diftance from 
one another, it follows that the Hair ads upon 
the Rays of Light at a good diftance in their paf- 
fing by it. But the Adion is ftrongcft on the 
Rays which pafs by at. leaft diftances, and 
grows weaker and weaker accordingly as the 
Rays pafs by at diftances greater and greater, as 
is reprefented in the Scheme : For thence it 
comes to pafs, that the Shadow of the Hair is 
much broader in proportion to the diftance of the 
Paper from the Hair, when the Paper is nearer 
the Hair, than when it is at a great diftance 
from it. 

Ohf.2. The Shadows of all Bodies (Metals, 
Stones, Glafs, Wood, Horn,. Ice, Gfr.) in this 
Light were bordered with three Parallel Fringes 
or Bands of coloured Light, whereof that which 
was contiguous to the Shadow was broadeii: 
and moft luminous, and that which was remo^- 
tcft from it was narroweft, and fo faint, as not 
caiily to be vifible. It was difficult to,diftingui(h 
the Colovrs, unlcfs when the Light fell very ob- 
liquely upon a fmooth Paper, or fome other 
fmooth white Body, fo as to make them appear 
much broader than they would otherwife do. 
And then the Colours were plainly vifiUe in 
this Order: The firft or inncrmoft* Fringe was 
violet and deep blue next the Shadow^ and then 
light blue^ green^ and yellow in the middle, and 

U 4 \^^ 
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red without. The fecond Fringe was almoft 
contiguous to the firft, and the third to the fe- 
cond, and both were blue within, and yellow and 
red without, but their Colours were very faint, 
cfpecially thofe of the third. The Colours thcre- 
foi L proceeded in this order from the Shadow j 
violet, indigo, pale blue, green, yellow, red; 
blue, yellow, red; pale blue, pale yellow and 
red. The Shadows made by Scratches and 
Bubbles in polifti'd Plates of Glafs were bor- 
der'd with the like Fringes of coloured Light. 
And if Plates of Looking-glafs floop'd off near 
the edges with a Diamond-cut, be held in the 
fame beam of Light, the Light which paffes 
through the parallel Planes of the Glafs will be 
border'd with the like Fringes of Colours where 
thofe Planes meet with the Diamond-cut, and 
by this means there will fometimes appear four 
or five Fringes of Colours. Let AB, CD [in 
Fig. 2.] reprefent the parallel Planes of a Look- 
ing-glafs, and B D the Plane of the Diamond- 
cut, making at B a very obtufe Angle with the 
Plane AB. And let all the Light between the 
Rays ENI and FBM pafs direcftly through the 
parallel Planes of the Glafs, and fall upon the 
Paper between I and M, and all the Light be- 
tween the Rays GO and HD be refradted by 
the oblique Plane of the Diamond-cut BD, 
and fall upon the Paper between K and L; 
and the Light which paiies diredly through the 
parallel Planes of the Glafs, and falls upon the 
Paper between I and M, will be' border'd with 
three or mprc Fringes at M. 

So 
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So by looking on the Sun' through a Feather 
or black Ribband held clofe to the Eye, feveral 
Rain-bows will appear ; the Shadows which the 
Fibres or Threds caft on the 7'unica Retina^ 
being border'd with the like Fringes of Co- 
lours. 

0^3. When the Hair was twelve Feet diftant 
from this Hole, and its Shadow fell obliquely 
upon a flat white Scale of Inches and Parts of ap 
Inch placed half a Foot beyond it, and alfo ^ea 
the Shadow fell perpendicularly upon the fame 
Scale placed nine Feet beyond it ; I meafurcd the 
breadth of the Shadow and Fringes as accu*- 
rately as I could, and found them in Parts of aa 
Inch as follows. 



The 
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The breadth of the Shadow 



At the Dijiance of 



1 he breadth between the Middles 
of the brighteft Light of the in- 
nermoic Fringes on either fide 
the Shadow 



Foot 



TT 



Feet 



A or ,\ 



tV 



The breadth between the Middles 
of the brighteft Light of the 
middlemoft Fringes on either 
fide the Shadow 



I 



The breadth between tiie Middles 
(jf the brighteft Light of the 
outmoft Fringes on either ficle 
the Shadow 



I I 



The diftance between the Middles 
of the brighteft Light of the firft 
and fecond Fringes 



The diftance between the Middles 
of the brighteft Light of the fe- 
cond and third Fringes 



The breadth of the luminous Part 
(green, white, yellow, and red) 
of the firft Fringe 



The breadth ot the darker bpace 
between the firft and fecond 



Fringes 



The breadth of the luminous Part 

of the fecond Frin8;e 

The breadth of the darker Space 



between the fecond and 

Fringes 



third 



tTt 



^ 



14^ 



IT 



I« 



TT 



TT 



TT 
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Thefc Meafures I took by letting the Shadow 
of the Hair, at half a Foot diftance, fall fo ob- 
liquely on the Scale, as to appear, twelve rimes 
broader than when it fell perpendicularly on it 
at the fame diftance, and letting down in this 
Table the twelfth part of the Meafures I then 
took. 

Obf 4. When the Shadow and Fringes were 
caft obliqvely upon a fmooth white Body, and 
that Body was removed farther and farther 
from the Hair, the firft Fringe began to appear 
and look brighter than the reft of the Light 
at the diftance of lefs than a quarter of an Inch 
from the Hair, and the dark Line or Shadow 
between that and the fecond Fringe b^an to 
appear at a lefs diftance from the Hair than tliat 
tf the third part of aa Inch. The ftcond Fringe 
began to appear at a diftance from the Hair of 
lefs than half an Inch, and the Shadow betweeil 
that and the third Fringe at a diftaooe lefs tha& 
an Inch; w<^ ^^ third Fringe ac a diftance left 
than three Inches. At gneatcr: diftaUKes they 
became much more fcnliblc, but, kept very 
nearly the fame proportion of their breadth© 
and iutefvals which they had at their firft ap^ 
pearing. For the diftance between tlie middle 
of the firft, and middle of the fecond Fringe^ 
was to the diftance between the chiddle of the 
fecond and middle of the third Fringe, as three 
to two, or ten to feven. And the laft of thcfe 
two diftances was equal to the breadth of the 
bright Light or luminous pan of the firft Fringe. 
And this breadth was to the breadth of the 
bright Light of the iecond Friiiigt as fcvcn to 
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four, and to the dark Interval of the firft and 
fecond Fringe as three to two, and to the like 
dark Interval betv^reen the fecond and third as 
xwo to one. For the breadths of the Fringes 
feem'd to be in the progreflion of the Numbers 
I, Vh y/\y and their Intervals to be in the 
fame progreflion with them j that is, the Frin- 
ges and their Intervals together to be in the 
continual progreflion of the Numbers i, /r, v^fi 
V'i, y/^j or thereabouts. And thefe Proportions 
held the fame very nearly at all difliances from 
the Hair ; the dark Intervals of the Fringes be- 
ing as broad in proportion to the breadth of the 
Fringes at their firft appearance as afterwards at 
great diftances from the Hair, though not fo dark 
and diflind. 

Olf. S' The Sun (hining into my darkened 
Chamber through a hole a quarter of an IncK 
broad, I placed at the diftance of two or three 
Feet from the Hole a Sheet of Pafteboard, which 
was black'd all over on both fides, ^nd in the 
middle of it had a hole^ about three quarters 
x>f an Inch fquare for the Light to pafs through. 
And behind the hole I iaften'd to the Pafte- 
board with Pitch the blade of a (harp Knife, to 
intercept fomc part of die Light which palled 
through the hole. The Planes of the Pafte- 
board and blade of the Knife were parallel to 
one another, ' and perpendicular to- the. Rays. 
And when they were fo placed that none of 
the Sun's Light fell on the Pafteboard, but all of 
it pailed through the hofe to the Knife, and there 
part of it fell upon the blade of the Knife, and 
part of it paiTed by its edge ; I let this pan of 

the 
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the Light which paffed by, fall on a white Pa- 
per two or three. Feet beyond the Knife, and 
there faw two ftreams of faint Light (hoot out 
both ways from the beam of Light into the (ha- 
dow, like the Tails of Comets. But becaufe the 
Sun's dirc(ft Light Iw its brightnefs upon the 
Paper obfcured thele faint flreams, to that I 
could fcarce fee them, I made a little hole in 
the midft of the Paper for that Light to pafs 
through and fall on a black Cloth behind it; 
and then I faw the two ftreams plainly. They 
were like one another, and pretty nearly equal 
in length, and breadth, and quantity of Light. 
Their Light at that end next the Sun's direft 
Light was pretty ftrong for the fpace of about 
a quarter of an Inch, or half an Inch, and in all 
its progrefs from that direct Light decreafed 
gradually till it became infenfible. The whole 
length of either of thefe flreams meafured up- 
on the Paper at the diftance of three Feet from 
the Knife was about fix or eight Inches ; fo that 
it fubtended an Angle at the edge of the Knife 
of about 10 or 12, or at moft 14 Degrees. Yet 
fometimes I thought I faw it (hoot three or four 
Degrees farther, but with a Light fo very faint 
that I could fcarce perceive it, and fufpefted it 
might { in fome meafure at leaft ) arife from 
fome other caufe than th\s two flreams did. For 
placing my Eye in that Light beyond the end 
of that ftream which was behind the Knife, and 
looking towards the Knife, I could fee a line of 
Light upon its edge, and that riot only when 
. my Eye was in the line of the Streams, but al- 
io when it was without that line either towards 

th& 
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the point of the Knife, or towards the handle. 
This line of Light appeared contiguous to the 
edge of the Knife, and was narrower than the 
Light of the innermoft Fringe, and narrowcft 
when my Eye was fartheft from the diredt Light, 
and therefore feem'd to pafs between the Light 
of that Fringe and the edge of the Knife, and 
that which paffed ncareft the edge to be moft 
bent, though not all of it. 

ObJl6. I placed another Knife by this, fo 
that their edges might be parallel, and look to- 
wards one another, tod that the beam of Light 
might fall upon both the Knives, and fome part 
of it pafs between their edges. And when the 
diftance of their edges was about the 400th 
part of an Inch, the ftream parted in the mid- 
ale, and left a Shadow between the two parts. 
This Shadow was fo black and dark that all the 
Light which paffed between the Knives fecm'd 
to be bent, and turn'd aiide to the one hand or 
to the other. And as the Knives ftill approach'd 
one another the Shadow grew broader, and the 
ftreamis fhorter at their inward ends which were 
next the Shadow, until upon the contaft of the 
Knives the whole Light vanifh'd, leaving its place 
to the Shadow. 

And hence I gather that the Light which is 
leaft bent, and goes to the inward ends of the 
ilreams, paffes by the edges of the Knives at 
the greatefk diftance, and this diftance when 
the Shadow begins to appear between the 
ilreams, is about the 8ooth part of an Inch. And 
the Light which pailes by the edges of thc- 
Knives at diftances ftill Lefs and lefs, is more and 

more 
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more bent, and goes to thofe parts of the 
flreams which are farther and farther from the 
diredt Light 5 becaufe when the Knives approach 
one another till they touch, thofe parts of the 
ftrcams vanifli laft which are fartheft from the 
direft Light. 

Obf, 7. In the fifth Obfervation the Fringes 
did not appear, but by reafon of the breadth of 
the hole in the Window became fo broad as to ru» 
into one another, and by joining, to make one 
continued Light in the beginning of the ftreamSir 
But in the lixth, as the Knives approached one 
another, a little before the Shadow appeared 
between the two ftreams, the Fringes began 
to appear on the inner ends of the Streams on 
cither fide of the direft L^ht j three on one 
fide made by^.the edge of one Knife, and three 
on the. other fide made by the edge of the o- 
ther Knife, They were diftindleft when the 
Knives were placed at the greatcfl diftance from 
the hole in the Window, and flill became more 
diflind by making the hole lefs, infomuch that 
I could fometimes fee a faint lineament of a 
fourth Fringe beyond the three above men- 
tion'd And as the Knives continually ap- 
proached one another, the Fringes grew di- 
flindter and larger, until they vanifti'd. The 
oumiofl Fringe vanifli'd firfl, and the middle- 
mofl next, and the innermofl lafl. And after 
they were all vanifh'd, and the line of Light 
which was in the middle between them was 
grown very broad, enlarging it felf on both fides 
into the flreams of Light defcribed in the fifth 
Obfervation, the above-mention'd Shadow be- 

1 gaa 
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gan to appear in the middle of this line, and 
divide it along the middle into two lines of 
Light, and increafed until the whole Light va- 
nifti'd. This enlargement of the Fringes was 
fo great that the Rays which go to the inner- 
moft Fringe feem'd to be bent above. twenty 
times more when this Fringe was ready to va- 
hifh, than when one of the Knives was taken 
away. 

And from this and the former Obfervation 
compared, I gather, that the Light of the firft 
Fringe pafled by the edge of the Knife at a di- 
ftance greater than the Sooth part of an Inch, 
and the Light of the fccond Fringe pafled by 
the edge of the Knife at a greater diftancc than 
the Light of the firft Fringe did, and that of 
the third at a greater diftance than that o£ the 
fecond, and that of the ftreams of Light dcfcri- 
bed in the fifth and fixth Obfcrvations pafled by 
the edges of the Knives at Icfs diftances than that 
of any of the Fringes. 

OhJiS. I caufcd the edges of two Knives 
to be ground truly ftrait, and pricking their 
points into a Board fo that their edges might 
look towards one another, and meeting near 
their points contain a redtilinear Angle, I faften'd 
their Handles together with Pitch to make this 
Angle invariable. The diftancc of the edges of. 
the Knives from one another at the diftance of 
four Inches from the angular Point, where thc; 
edges of the Knives met, was the eighth part' 
of an Inch J and therefore the Angle contaiij'd 
By the ec%es was about one Degree 54'. . The 
Knives ^us fix'd together I placed in » bjsaix). 
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of the Sun's Lighti. let into my darkened Cham- 
ber through a Hole the 42d Part of an Inch wide, 
at the diftance of 10 or 15 Feet from the Hole, 
and let the Light which pailed between their edges 
fall very obliquely upon a fmooth white Ruler at 
the diftance of half an Inch, or an Inch from 
the Knives, and there faw the Fringes by the 
cwo edges of the Knives run along the edges of 
the Shadows of the Knives in Lines parallel to 
thofe edges without growing fenfibly broader, 
till they met in Angles equal to the Angle 
contained by the edges of the Knives, and 
where they met and joined they ended without 
croffing one another. But if the Ruler was 
held at a much greater diftance from the 
Knives, the Fringes where they were farther 
from the Place of their Meeting, wtre a little 
narrower, and became fomething broader and 
broader as they approach'd nearer and nearer to 
one another, and after they met they crofs'd 
one another, and then became much broader 
than before. 

Whence I gather that the diftances at which 
the Fringes pafs by ihe Knives are not increafed 
nor alter'd by the approach of the Knives, but 
the Angles in which the Rays are there bent 
are much increafed by that approach; and that 
the Knife which is neareft any Ray determines 
which way the Ray fhall be bent, and the other 
Knife increases the bent. 

Obf. 9. When the Rays fell ' very obliquely 
upon \h& Ruler at the diibnce of the third Pan^ 
ot an Inch from the Knives, the dark Line be*- 
tween the fi^ and iecond Fringe of the Sba- 

X da^ 
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dow of one Knife, and the dark Line between 
the firft and fecond Fringe of the Shadow of 
the other Knife met with one another, at the 
diftance of the fifth Part of an Inch from the 
end of the Light which paffed between the 
Knives at the concourfe of their edgfes. And 
therefore the diftance of the edges of the Knives 
at the meeting of thefe dark Lines was the j6oth 
Part of an Inch. For as four Inches to the 
eighth Part of an Inch, fo is any Length of the 
edges of the Knives meafured from the point 
of their concourfe to the diftance of the edges 
of the Knives at the end of that Length, and fo 
is the fifth Part of jjn Inch to the i6oth Pan. 
So then the dark Lines above-mentibn'd meet 
in the middle of the Light which pafles be- 
tween thi Knives where they are diftant the 
i6oth Part of an Inch, and the one half of that 
Light pafles by the edge of one Knife at a di- 
ftance not greater than the 320th Part of an 
Inch, and falling upon the Paper makes the 
Fringes of the Shadow of that Knife, and the 
other half pafles by the edee of the other Knife, 
at a diftance not greater than the 3 20th Part of 
an Inch; and jfklling upon the Paper makes the 
Fringes of the Shadow of the other Knife. But 
if the Paper be held at a diftance from the 
Knives greater than the third Part of an Inch, 
the dark Lines above- mentioned meet at a greater 
diftance than the fifth Part of an Inch from 
the end of the Light which pafled between the 
'Knives at the concourfe of their edges; and 
therefore the Light which falls upon the Paper 
where thofe dark Lines meet pafles^ between the 

Knives 



BOOK IIL 



307 



Knifes ^here the edges are diilant above the 
i6odi part of an' Inch. 

For at another time, when the two Knives 
were diftant eight Feet and five Inches from the 
little hok in the Window, made with a fmall 
l^ia as above, the L^ht which fell upon the Pa- 
per where the afbrefaid dark lines met, palled 
between the Knives, where the diilance between 
their edges was as in the Allowing Table, when 
she diftance of the Paper from the Knives was 
tbtfo as follows; 



Dijtdncei Bf thi Paper Diftahces betweeri thi 

edg^s of ibe Kriivfx iA 
nHlkJhhal parts of ah 
Inch. 



from the Kmi^es 
inches. 



tn 



n^n ■{(\ i^iimtjii fi nfT^*i 1 



Ik 



96. 



J^ifi^ 



012 

o'oao 
o'o34 
0*057 
6'o8i 
0*087 



And hence I gather, that the Light which 
fnakes the Fringes upon the Paper is not the 
&ine L^ht at all diftances of the Paper {rcjfOi 
the Knives, bdt when the Paper isf held near 
the Knives; the Fringes are made by Light 
^^hich pafies by the edges of the Knives at a 
Jefs diftance, and is more bent than when the 
Paper is heM aic a greatef diftance from the 
Knives^ - 
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Obf. lo. When the Fringes of the Shadows 
of the Knives fell perpendicularly upon a Paper 
at a great diftance from the Knives, they were 
in the form of Hyperbola's, and their Dimen- 
fions were as follows. Let C A, C B [in Fig. 3.] 
reprefent Lines drawn upon the Paper parallel 
to the edges of the Ki^ves, and between which 
all the Light would fall, if it paffcd between 
the edges of the Knives without inflexion ; DE 
a Right Line drawn through C making the An- 
gles A CD, BCE, equal to one another, and 
terminating all the Light which falls upon the 
Paper from the ^ point where the edges of the 
Knives meet; eis^fkt^ and glvy three hyper- 
bolical Lines reprefenting the Terminus of the 
Shadow of one of the Knives, the dark Line 
between the firft and fecond Fringes of that 
Shadow, and the darlc Line between the fecond 
and third Fringes of the fame Shadow ; xip^ ykq^ 
and zlr^ three other hyperbolical Lines repre- 
fenting the Terminus of the Shadow of the other 
Knife, the dark Line between the firft and fecond 
Fringes of that Shadow, and the dkrk line be- 
tween the fecond and third Fringes of the flme 
Shadow. And conceive that thefe three Hyper- 
bola's are like and equal to the former three, and 
crofs them in the points /, k^ and /, and'that the 
Shadows of the Knives are terminated and diftin- 
guifh'd from the firft luminous Fringes by the 
lines eit and xip^ until the meeting and crof- 
fing of the Fringes, and then thofe lines crofs 
the Fringes in the form of dark lines, termini- 
ting the firft luminous Fringes within fide, and 
diftinguifhing them from another Light which 
. J begins 
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b^ns to appear at /, and illuminates all the 
triangular fpace ipDEs comprehended by thcfe 
dark lines,' and the right line DE. Of thefe 
Hyjperbola's one Afymptote is the line DE, and 
their other Afymptotes are parallel to the linea 
C A and C B. Let r v reprefent a line drawn 
any where upon the Paper, parallel to the Afym- 
ptote DE, and let this line crofs the right line# 
AC mm J and B C in n, and the fix dark hy-^ 
perbolical lines in pyq^r; s^t^vy and by mea- 
furing the diftances/>i, ^/, rVy and. thence 
coUcding the lengths of the Ordinates »/, n y, 
nr or mSy m t, mv, and doing this at feveral 
diftances of the line r v from the Afymptote D D, 
you may find as many points of thcfe Hyperbo- 
la's as you pleafe, and thereby know that thcfe 
curve lines are Hyperbola's differing little from 
the conical Hyperbola. And by meafuring the 
lines C /, C )&, C /, you may find other points of 
thefe Curves. 

For inftance; when the Knives were diftant 
from the hole in the Window ten Feet, and the 
Paper from the Knives nine Feet, and the An- 
gle contained by the edges of the Knives to 
which the Angle ACB is equal, was fubtend- 
cd by a Chord which was to the Jladius as t 
to 32, and the diftance of the line rv from the 
Afymptote D E was half an Inch : I meafured 
the lines ^j, qt^ rVy and found them 0*35, 
0*65, 0*98 Inches refpedtively j and by adding 
to their halfs the line i mn^ { which here was 
the laSthpanof an Inch, or 0*0078 Inches,) the 
Sums np^ nq^ nr^ were Q'1828, 0*3328, 0*4978 
Inches. 1 meafured alfo the diflances of the 
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brighteft parts of the Fringes which nin between 
pq and st, qr and / v, and next beyond r and ^i 
and found them 0*5, o'8, and I'l/ Inches. 

ObJ] u.. The Sun fhining into my dvkcn'd 
Room throueh a fmall round hole made in a 
Plate of Lead with a flender Pin, as above ; I 
placed at the hole a Prifm to refradl the Light^ 
^nd form on the oppolite Wall the Spe<ftrum 
of Colours, defcribed in the tliird Experiment 
of the firft Boole. And then I found that th^ 
Shadows of all Bodies held in the coloured 
Light between the Prifm and the Wall, were 
border'd with Fringes of the Colour of that 
Light in which they were held. In the fiill red 
Light they were totally red without any ienii^ 
ble blue or violet, and in the deep blue Light 
they were totally blue without any fenfible red 
or yellow ; and fo in the green Light they were 
totallv greeny excepting a little yellow and blue, 
which were mixed in the green Light of the 
Prifm. And comparing the Fringes made in 
the feveral colour'd Lights, I found that thoia 
made in the red Light were largeft, thofe 
made in the violet were leaft, and thole made 
in the green were of a middle bigncis. For 
the Fringes with which the Shadow of a Man's 
Hair .were bordered, being meafured crois the 
Shadow at the diftance of fix Inches from the 
Hair,' the diAance between tjie middle aa,4 moft 
luminoixs part of the firft or innermoft Fringe 
on one iide of the Shadow, and that of the li^ 
Fringe on the other ^de oif the ;ShadQW, was in 

the full red Light rk of an Inch^ and ;n the fall 

violet 
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TioletlV. .And the like diftance between the 
middle and moft luminous parts of the fecond 
Fringes on either fide the Shadow was in the full 
red Light tt, and in the violet iV of an Inch. 
And thefe diftances of the Fringes held the fame 
•proportion at all diftances from tlie Hair without 
any fenfible variation. 

So then the Raya which made thefe Fringe^ 
in the red Light paffed by the Hair at a greater 
diftance than thofe did which made the like 
Fringes in the violet; and therefore the Hair 
in caufing thefe Fringes adled alike upon the 
red Light or leaft refrangible Rays at a greater 
diftance, and upon the violet or moft refrangi- 
ble Rays at a lefs diftance, and by thofe adlions 
difpofed the red Light into larger Fringes, and 
the violet into finaller, and the Lights of inter- 
mediate Colours into Fringes of intermediate big- 
neffes without changing the Colour of any fort 
of Light. 

When therefore the Hair in the firft and fe- 
cond of thefe Obfervations was held in the 
white beam of the Sun's Light, and caft a Sha- 
dow which* was border'd with three Fringes of 
colpured Light, thofe Colours arofe not from 
any new modifications imprefs'd upon the Rays 
of Light by the Hair, but only from the vari- 
ous ipflexions whereby the feveral Sorts of Rays 
were fcparated from, one another, which before 
fcpairation, by the mixture of all their Colours, 
compofed the white beam of the Sun's Light, 
but. whenever feparated copipofe Lights of the 
feveral Colours which they are originally difpo- 
fed to exhibit. In this iithObfervation, where 
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the Colours arc fcparated before the Light pof- 
fes by the Hair, the leaft refrangible Rays, wnich 
when feparatcd from the reft make red, were 
inflcfted at a greater diftance from the Hair, fo 
as to make three red Fringes at a greater di- 
ftance from the middle of the Shadow of the 
Hair^ and the moft -refrangible Rays which 
when fcparated make violet, were inflected at 
a lefs diftance from the Hair, fo as to make 
three violet Fringes at a lefs diftance from the 
middle of the Shadow of the Hair. And other 
Rays of intennediate degrees of Refrangibility 
were infledted at intermediate diftances from 
the Hair, fo as to make Fringes of intermediate 
Colours at intermediate diftances from the mid- 
dle of the Shadow of the Hair. And in the 
fecond Obfcrvation, where all the Colours are 
mix'd in the white Light which paffcs by the 
Hair, thefe Colours are fcparated by the vari« 
ous inflexions of the Rays, and die Fringes 
which they make appear all together, and the 
innernioft Fringes being contiguous make one 
broad Fringe compofed of all the Colours in 
due order, the violet lying on the iniide of the 
Fringe next the Shadow, the red on the out-- 
fide farthcft from the Shadow, and the blue; 
^reen, and yellow, in the middle. And, in like 
manner, the middlemoft Fringes of all the Co^ 
lours lying in order, and being contiguous, 
make another broad Fringe compofed of all tbe 
. Colours ; and the outmoft Fringes of all the: 
Colours lying in order, and being cont%uou8j 
make a third broad Fringe compofed of ^1 thp 
Colours. Ti^fe*ar9 the three Fringes of co- 

lour'd 
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lour'd Light with which the Shadows of all Bo- 
dies are border'd in the fecond Obfervation. 

Wheh I made the foregoing Obfcrvations, I 
defign'd to repeat moft of them with more care 
and exaftnefs, and to make fome new ones for 
determining the manner how the Rays of Light 
are bent in thftir paffage by Bodies, for making 
the Fringes of Colours with the dark lines be- 
tween them. But I was then interrupted, and 
cannot now think of taking thefe things into far- 
ther Confideration. And fince 1 have not finifh'd 
this part of my Defign, I (hall conclude with 
propofing only fome Queries, in order to a far- 
ther fearch to be made by others. 

^ery i. Do not Bodies a<ft upon Light at 
a diftance, and by their aAion bend its Rays; and 
is not this adtion ( cateris paribus ) ftrongeft at 
the leaft diftance ? 

^. 2. Do not the Rays which differ in Re- 
frangibility differ alfo in Fleadbity ; and are they 
not by their different Inflexions feparated from 
one another, fo as after feparation to make the 
Colours in the three Fringes above defcribed? 
And after what manner are they infledted to make 
thofe Fringes ? 

^. 3 Are not the Rays of Light in pafling 
by the edges and fides of Bodies, bent feveral 
times backwards and forwards, with a motion 
like that of an Eel ? And dd not the three Frin- 
ges of colour'd Light above-mentioA'd arife from 
three fuch bendings ? 

^. 4, Do not the Rays of Light which fall 
upon Bodies, and are refleded or refrafted, be- 
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gin to bend before they arrive at the Bodies ; and 
are they not refledted, refra<5ted> and inflected, 
by one and the fame Principle^ acting variouily 
in various Circumftances ? 

^. 5. Do not Bodies and Light ad mutually 
upon one another ; that is to fay, Bodies upon 
Light in emitting, refledling, refrafting and in- 
fle^ing it, and Light upon Bodies for heating 
them, and putting their parts into a vibrating 
motion wherein heat confifts ? 

^. 6. Do not black Bodies conceive heat 
more eafily from Light than thofe of other Co- 
lours do, by reafon that the Light falling on them 
is not refledted outwards, but enters the Bodies, 
and is often refledted and refradted within them^ 
until it be ftifled and loft ? 

^. 7. Is not the ftrength and vigor of the 
adtion between Light and fulphureous Bodies ob- 
ferved above, one reafon why fulphureous Bodies 
take fire more readily, and burn more vehecoent- 
ly than other Bodies do ? 

^. 8. Do not all £x'd Bodies, when heated 

beyond a certain degree, emit Light and (bine i 

and is not, this Emiiiion performed by the vi-* 

brating motions of their parts ? And do not all 

\ Bodies which abound with terreftrial parts, aiyi 

lefpecially with fulphureous ones, emit Light 

as often as thofe parts are fufliciently agitated i 

whether that agitation be made by Heat^ oc by 

1 Fridlion, or Percuffion, or Putrefodtion, or by 

any vital Motion, or any other Caufe? As for 

jnflances Sea- Water in a raging Storm s Qiuck-^ 

filver agitated in vacuo i the Back of a Cat, or 

Keck ok a Horfc,: obliquely ftruck or rubbed in 

a dark 
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a dark place j Wood, Flefh and FiCh while they 
putrefy 5 Vapours arifing from putrefy'd Wa- 
ters, ufually caird Ignes Fatui ; Stacks of moift 
Hay or Coro growing hot by fermentation j 
Glow-worms and the Eyes of fome Animals by 
vital Motions 5 the vulgar Phojpbortis agitated 
by the attrition of any Body, or by the acid 
Particles of the Air; Amber and fome Dia- 
monds by ftriking, prefling or rubbing themj 
Scrapiijgs of Steel ftruck off with a Flint > Iron 
hammer'd very nimbly till it become fo hot as 
to kindle Sulphur thrown upon it; the Axle- 
trees of Chariots taking fire by the rapid rota- 
tion of the Wheels ; ^nd fome Liquors mix'd 
with one another whofe Particles come toge- 
ther with an Impetus, as Oil of Vitriol diftilled 
from its weight of Nitre, and then mix*d with 
twice its weight of Oil of Annifeeds. So alfo a 
Globe of Glals about 8 or 10 Inches in diameter, 
being put into a Frame where it may be fwiftly 
turn'd round its Axis, will ip turning fhine 
where it rubs againft the palm of ones Hand 
opply'd to it: And if at thie fame time a piece 
of white Paper or white Cloth, or the end of 
pnes Finger be held at the diilance of about a 
quarter of an Inch or half an Inc^ from that 
part of the Glafs where it is moft in motion, 
the eledrick Vapour which is excited by the^ 
fri^ion of the Glafs againft the Hand, will by 
dafhing againft the white Paper, Cloth or Fin- 
ger, be put into fuch an agitation as to emit 
Light, and make the white Paper, Cloth or Fin- 
ger, appear lucid like a Glow-worm; and in 
rufhing out Qf the C]ii& will, fo;?iecipies pufh 
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agabft the Finger fo as to be felt. And the fame 
things have been found by rubbing a long and 
large Cylinder of Glafs or Amber with a Paper 
held in ones hand, and continuing the friction till 
the Glafs grew warm. 

^i. 9. Is not Fire a Body heated fo hot as to 
emit Light copioufly? For what elfe is a red hot 
Iron than Fire? And what elfe is a burning Coal 
than red hot Wood ? 

^. 10. Is not Flame a Vapour, Fume or Ex- 
halation heated red hot, that is, fo hot as to 
Ihine ? For Bodies do not flame without emit- 
ting a copious Fume, and this Fume burns in 
the Flame. The Ignis Fatuus is a Vapour flii- 
ning without heat, and is there not the fame 
difference between this Vapour and Flame, as 
between rotten Wood fliining without heat and 
burning Coals of Fire? In diftilling hot Spirits, 
if the Head of the Still be taken off, the Va- 
pour which afcends out of the Still will take fire 
at the Flame of a Candle, and turn into Flame, 
and the Flame will ^:un along the Vapour from 
the Candle to the Still. Some Bodies heated hf 
Motion or Fermentation, if the heat grow in- 
tenfc, fume copioufly,' and if the heat be great 
enough the Fumes will Ihine and become Flame. 
Metals in fufion do not flame for want of a co*- 
pious Fume^ except Spelter, whicli fumes co- 
pioufly, and thereby tlames. All flaming Bo* 
dies, as Oil, Tallow, Wax, Wood, foffil Co^s, 
Pitch, Sulphur, by flaming wafte and vaiudi in- 
to burning Smoke, which Smoke, if the Flame 
:beput outi is very thick and viflble, and fbmer^ 
iEil»98 ifinells^ Aropgly, but ia the Fljune loics its 
^ hns^ fmeil 
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fmcU by burning, and according to the nature 
of the Smoke the Flame is of feveral Colours; 
as that of Sulphur blue, that of Copper opcn'd 
with fublimate green, that of Tallow yellow, 
that of Camphire white. Smoke paffing through 
Flame cannot but grow red hot , and red hot 
Smoke can hkve no other appearance than that 
of Flame. When Gun-powder takes fire, it 
goes away into flaming Smoke. For the Char-^ 
coal and Sulphur eaiily take fire, and fet fire to 
the Nitre, and the Spirit of tjie Nitre being 
thereby rarified into Vapour, ruihes out with 
Explofion much after the manner that the Va- 
pour of Water ruihes out of an >Eolipilej the 
Sulphur alfo being volatile is converted iflto 
Vapour , and augments the Explofion. And 
the acid Vapour of the Sulphur ( namely that 
which diflils under a Bell into Oil of Sulphur,) 
cntring violently into the fix*d Body of the Ni- 
tre, fets loofe the Spirit of the Nitre, and ex* 
cites a great Fermentation, whereby the Heat 
is farther augmented, and the fix'd Bddy of the 
Nitre is alfo i^rified into Fume, and the 'Explo- 
fion is thereby made more vehement and quick. 
For if Salt of Tartar be mix'd with Gun-pow- 
der, and that Mixture be warm'd till it takes 
fire, the Explofion will be more violent and 
quick than that of Gun-powder alofte; which 
cannot proceed from any other caufe than the 
aftion of the Vapour of the Gun-powder upon 
the Salt of Tartar, whereby that Salt is rarified. 
The Explofion of Gun-powder arifes tlierrfore 
from the vi<dent adion whereby all the Mixture 
being quickly and vehemently, heated, is rarified 
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and converted into Funae and Vapouir which 
Vapour, by the violence of that a&iony be- 
coming fo not as to fliine, appears in the form of 
Flame. 

^. II. Do not great Bodies confcrve their 
heat the longed^ their parts heating one ano- 
ther, and may not great denfe and fix'd Bo- 
dies, when heated beyond a certain degree, e* 
mit Light fo copioufly, as by the Emifiion and 
Re-a£kion of its Light, and the Reflcsxions and 
Refradlions of its Rays within its Pores to grow 
ftill hotter, till it comes to a certain period of 
heat, fuch as is that of the Sun ? And are not 
the Sun and fix'd Stars great Earths vehftmently 
hot, whofe heat is conferved by the greameft 
of the Bodies, and the mutual A6kion and Re- 
ason between them, and the Lizht which tbey 
emit, and whofe parts are kept m)m fuming a-^ 
way, not only by their fixity, but alfo by the 
vaft weight and denfity of the Atmofpheres in-^ 
cumbent upon them; and very ftrongly ccxn-k 
prefling them, and condenfing the Vapours and 
Exhalations which arife from /diem? For if 
Water be made warm in any pellucid Veffel 
emptied of Air, that Water m the Vacuum will 
bubble and boil as vehemently as it would in 
the open Air in a VeiTel fet upon the Fire till 
it^ conceives a much greater heat. For the 
Weight of the incumbent Atmofphere keqM 
dovra the Vapours, and hinders die Water hotH 
boiling, until it grow much hotter than is re* 
quifite to make it boil in vacuo. Alfo a mix* 
ture of Tin and Lead being put upon a red hoe 
Iron m wffuo cmit&aiTumeandFlainc^ botilaB 
3 famo 
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fame Mixture in the open Air, by irafon of the 
incumbent Atmofpherc, does not fo much as e- 
mit any Fume which can be perceived by Sight. 
In like manner the great weight of the Atmo^- 
fphere which lies upon the Globe of the Sun 
may hinder Bodies there from rifing up and 
going away j&rom the Sun in the form of Va- 
pours and Fiimes, unlcfs by means of a far 
greater heat than that which on the Surface of 
our Eanh would very eafily turn them into Va- 
pours and Fumes. And the fame goeat weight 
may condenfe thofe Vapours and Exhalations as 
fbon as they ihall at any time begin to afcend 
from the Sun, and make them prefently fall 
back again* into him, and by that adtion increafe 
his Heat much after ^the manner that in our 
'Earth the Air increafes the Heat of a culinary 
Fire. And the fame wei^t may hinder the 
Globe of the Sun from beitig diminifh'd, unlef$ 
by the EmiiE&anof Ligfac,. and a very fmall quan- 
tity of Vapours and Exhalations. 

^. 12. Do not the Rays of Light in fallmg 
upon the bottom of the Eye excite Vibmtions 
in the Tunica Retina? Which Vibrations, be- 
ing propagated along the folid Fibres of the op- 
tick Nerves into the Brain, caufe the Senfe of 
feeing. For becaufe denfe Bodies conferve their 
Heat a long time, and the denfeft Bodies con- 
ferve their Heat the longeft, the Vibrations of 
their parts are of a lalling namre, and there- 
' fore may be propagated along folid Fibres of 
uniform denfe Maner to a great diftancc, for 
conveying into the Brain the impt0ffi6ns made 
upon all the Ocgans of .Senie. ^ For that Motion 
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which can continue long in one and the fame part 
of a Body, can be propagated a long way from 
one part to another, fuppofing the Body homo- 
geneal, fo that the Motion may not be reflcfted, 
refrafted, interrupted or diforder'd by any un- 
cvennefs of the Body. 

^. 13. Do not feveral forts of Rays make 
Vibrations of feveral bigneffes, which according 
to their bignefles excite Senfations of feveral Co- 
lours, much after the manner that the Vibrations 
of the Air, according to their feveral bigneffes 
excite Senfations of feveral Sounds ? And pani- 
cularly do not the mofl refrangible Rays excite 
the fhortefl Vibrations for making a Senfation of 
deep violet, the leafl refrangible the largefl for 
making a Senfation of deep red, and the feveral 
intermediate forts of Rays, ^Vibrations of feveral 
intermediate bignefles to make Senfations of the 
feveral intermediate Colours ? 

^. 14. May not the harmony and difcord of 
Colours arife from the proportions of the Vibra- 
tions propagated through the Fibres of the op- 
tick Nerves into the Brain, as the harmony and 
difcord of Sounds arife from the proponions of 
the Vibrations of the Air? For fome Colours, if 
they be view'd together, are agreeable to one 
another, as thofe of Gold and Indigo, and others 
difagree. 

^. 15. Are not the Species of Objects fecn 
with both Eyes united wnere the optick Nerves 
meet before they come into the Brain, the Fi- 
bres on the right fide of both Nerves uniting 
there, and after union going thence into the 
Brain in the Nerve which is on the right fide of 

the 
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the Head, and the Fibres on the left fide of 
both Nerves unitmg in the fame place, and af- 
ter union going into the Brain in the Nerve 
which is on the left fide of the Head^ and thefe 
tv^o Nerves meeting in the Brain in fuch a man-* 
ner that their Fibres make but one entire Spe- 
cies or Pidture, half of v^hich on 'the right fide 
of the Senforium comes from the right fide of 
both Eyes through the right fide of both op- . 
tick Nerves to the place vsrhere the Nerves meet, 
and from thence on .the right fide of the Head 
into the Brain, and the other half oa the left 
fide of the Senforium comos in like manner from 
the left fide of both Eyes. For the optick 
Nerves of fuch Animals as look the fame way 
with both Eyes (as of Men, Dogs, Sliecp, Oxen, 
&c.) meet before they come into the Brain, buc 
the optick Nerves of fuch Animals as do not 
look the fame way with bpth Eyes (^s of Fiflies^ 
and of the Chameleon,) do not meet, if I am 
rightly informed. 

^. 1 6. When a Man in the dark prefles either 
corner of his Eye with his Finger, and turns his 
Eye away from his Finger, he will ftc a Circle 
of Colours like thofe in the Feather of a Pea- 
cock's Tail. If the Eye and the Finger remain 
quiet thefe Colours vanifli in a fecond Minute of 
Time, but if the Finger be moved with a qua- 
vering Motion they appear again. Do not thefe 
Colours arife from fuch Motions excited in the 
bottom of the Eye by the Preflure and Motion 
of the Finger, as at other tiines are excited 
there by Light for caufiag Vifion ? And do ndt 
the Motions once ex;citea continue about a So? 

y cond 
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cond of Time before they ceafe ? And when a 
Man by a flroke upon his Eye fees a flafti of 
Light, are not the like Motions excited in the 
Retina by the ftroke ? And when a Coal of Fire 
moved nimbly in the circumference of a Cir- 
cle, makes the whole circumference appear like 
a Circle of Fire ; is it not becaufe the Motions 
excited in the bottom of the Eye by the Rays 
of Light are of a laflirig nature, and continue 
till the Coal of Fire in going round returns to 
its former place ? And conlidering the lading- 
nefs of the Motions excited in the bottom of 
the Eye by Light, are they hot of a vibrating 
nature ? 

^. 17. If a Stone be thrown into ftagnating 
Water, the Waves excited thereby cominuo^ 
fomc time to arife in the place where the Stone 
fell into the Water, and are propagated from 
thence in concentrick Circles upon the Surface 
of the Water to great diftances. And the Vi- 
brations or Tremors excited in the Air by pcr- 
cuflion, continue a little time to move from the 
place of percuflion in concentrick Spheres to 
great diflances. And in like manner, when a Ray 
of Light falls upon the Surface of any pellucid ^ 
Body, and is there refraded or refledted, may not 
Waves of Vibrations, or Tremors, be thereby 
excited in the refrafting or refledling Medium at 
the point of Incidence, and continue to arifc 
there, and to be propagated from thence as long 
as they continue to arife and be propagated, whea 
they are excited in the bottom of the Eye by the 
Prcffure or Motion of die Finger, or by the Light 
which comes from the Coal of Fire in die Ex-- 
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pcriments abovemcntion'd ? and arc not thcfc 
Vibrations propagated from the point of Inci- 
dence to great diftances ? And do they not over- 
take the Rays of Light, and by overtaking them 
fucceffivcly, do they not put them into the Fits 
of cafy Reflexion and ealy Tranfmiflion defcribed 
above? For if the Rays endeavour to recede from 
the denfeft part of the Vibration, they may be 
alternately accelerated and retarded by the Vi- 
brations overtaking them, 

^, 1 8. If in two large tall cylindrical Vef^ 
fcls of Glafs inverted, two little Thermometers 
be fufpended fo as not to touch the VeiTels, and 
the Air be drawn out of one of thefe Veflcls, 
and rhcfe Veflels thus prepared be carried out 
of a cold place into a warm one; the Thermo- 
meter in vacuo will grow warm as much, and 
almoft as fooh as the Thermometer which is 
not in vacuo. And virhen the Veflcls are carri- 
ed back into the cold place, the Thermometer 
in vacuo will grow cold almofl as foon as the 
other Thermoipeten Is not the Heat of the 
warm Rpom convey'd through the Vacuum by 
the Vibrations of a puch fubtiler Medium than 
Air, which after the Air was drawn out remainr- 
edmxh&Vacuumf And is not this Medium the 
iame with that Medium by which Light is re- 
fracted and reflected, and by whofe Vibrations 
Light communicates Heat to Bodies, and is 
put into Fits of eafy Reflexion and eafy Tranf- 
miflion ? And do not the Vibrations of this Me- 
:dium* in hot Bodies contribute to the intenfenefs 
and duration of their Heat ? And do not hoc 
Bodies communicate theit Heat to contiguous 

Y 2 cold 
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cold ones, by the Vibrations of this Medium 
propagated from them into the cold ones ? And 
IS not this Medium exceeding!/ more rare and 
fubtile than the Air, and exceedingly more' cla- 
ftick and adlive? And doth it not readily pfer- 
vade all Bodies? And is it not (by its eliftick 
force) expanded through all the Heavens ? 

^. 19. Doth not the Refraftion of Light 
proceed from the different denfity of this -/Ethe- 
real Medium in different places, the Light n- 
ceding always from the denfcr parts of the Me- 
dium? And is not the denfity thereof greater 
in free and open Spaces void of Air and other 
groffer Bodies, than within the Pores of Wa- 
ter, Glafs, Cryflal, Gems, and other compaft 
Bodies? For when Light pafles through Glafs 
or Cryftal, and falling very obliquely upon the 
farther Surface thereof is totally refledled, the 
total Reflexion ought to proceed father from the 
denfity and vigour of the Medium without and 
beyond the Glafs, than from the rarity and weak- 
nefs thereof. 

^. 20, Doth not this iEthereal Medium in 
paffing out of Water, Glafs, Cryflal, and other 
compadt and denfe Bodies into empty Spaces, 
grow denfer and denfer by degrees, and by that 
means refraft the Rays of Light not in a point, 
but by bending them gradually in curve Lines.? 
And doth not the gradual condenfation of this 
Medium extend to fome diftance from the Bo- 
dies, and thereby caufe the Inflexions of the 
Rays of Light, which pafs by the edges of denfe 
Bodies^ at fomc diftance from the Bodies ? 
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^. 2 L Is not this Medium much rarer with- 
in the denfe Bodies of the Sun, Stars, Planets 
and Comets, than in the empty .celeftial Spaces 
between them? And in pafling.from them to 
great diftances, doth it riot grow denfer and 
denfer perpetually, and thereby caufe the gra- 
vity of thofe great Bodies towards one another, 
and of their parts towards the Bodies j every 
Body endeavouring to go from the denfer parts 
of the Medium towards the rarer ? For it this 
Medium be rarer within the Sun's Body than at 
its Surface, and rarer there than at the hun- 
dredth part of an Inch from its Body, and ra- 
rer there than at the fiftieth part of an Inch from 
its Body, . and rarer there than at the Orb of 
Saturn-^ I fee no reafon why the Increafe of 
denfity ftiould flop any where, and pot rather 
be continued through all diflances from the Sun 
to Saturn^ and beyond. And though this In- 
creafe of denfity may at great diflances be ex- 
cfeeding flow, yet if the elaflick force of this 
Medium be exceeding great, it may fuffice to 
impel Bodies from the 'denfer parts of the Me- 
dium towards the rarer , with all that power 
which we call Gravity. And that the elaflick 
force of this Medium is exceeding great, may 
be gathered from the fwiftnefs of its Vibrations. 
Sounds move about 1 140 Englijh Feet in a fe- 
cond Minute of Time, and in feven.or eight 
Minutes of Time they move about one hundred 
Englijh Miles. Light moves from the Sun to 
us in about feven or eight Minutes of Time, 
which diflance is about 70000000 Englijh Miles, 
fuppo0ng the horizontal Parallax of the Sun to 
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be about 12". And the Vibrations or Pulied of 
this Medium, that they may caufe the alternate 
Fits of eafy Tranfmiffion and cafy Reflexion, 
muft be fwifter than Light, and by confequcnce 
above 700000 times fwifter than Sounds. And 
therefore the elaftick force of this Medium, in 
proportion to its deniity, muft be above 700000 
X 700000 (that is, above 490000000000) times 
greater than the elaftick force of the Air is in 
proportion to its denfity. For the Velocities of 
the Pulfes of elaftick Mediums are in a fubdupli*- 
cate Ratio of the Elafticities and the Rarities of 
the Mediums taken together. 

As Attradion is ftronger in fmall Magnets • 
than in great ones in proportion to their Bulk, 
and Gravity is greater in the Surfaces of fmall 
Planets than in thofe of great ones in propor- 
tion to their bulk, and fmall Bodies are agita^ 
ted much more by eledtric attradion than great 
ones; fo the fmallnefs of the Rays of Light 
may contribute very much to the power of 
the Agent by wrhich they are rcfraded. And 
fo if any one ftiould fuppofe that Mtber ( like 
our Air) may contain Particles vvrhich endeavour 
to recede from one another (for I. do not know 
what this Mther is) and that its Particles are 
exceedingly fmaller than thofe of Air, or even 
than thofe of Light: The exceeding fmallneft 
of its Particles may contribute to the greatneft 
of the force by which thofe Particles may re- 
cede from one another, and thereby make cfaat 
Medium exceedingly more rare and elaftick 
than Air, and by confequence exceedingly left 
able to reiift the motions of Projedilea, a&d . 

exeeed* 



BOOK m. 327 

jcxceedingly more able to prcfsupon grofs Bodies, 
by endeavouring to expand it felt. 

^. 22. May not Planets and Comets, and all 
grofs Bodies, perform their Motions more freely, 
and with lefs refiftance in this Ethereal Medium 
than in any Fluid; which fills all Space ade- 
quately witnout leaving any Pores, and by confe- 
quencc is much dcnfer thanQuick-filver or Goldf 
• And may not its refiftance be fo fmall, as to b^ 
inconfidcrable ? Forinftance; If this -^M^(fot 
fo I will call it) fhduld be fuppofed 700000 
times more elaftipk than our Air, ana above 
700000 times more rare; its refiftance would 
be above 600000000 times lefs than that of Wa- 
ter. And fo fmall a refiftance would fcarcc 
make any fenfible alteration in the Motiohs of 
the Planets in ten thoufand Years. If any oncf 
would ask how a Medium can be fo rare, \tx 
him tell me how the Air, in the upper parts of 
th^ Atmofoherc, cjm be above an hundred thou- 
fand thoufand times- rarer than Gold. Let him 
alfo tell me, how an elcdlrick Body can by Fri-^ 
ftion emit, an Exhalation fo rare and fubtile, and 
yet fo potent, as by its Emiflion to caufe no 
fenfible Diminution of the weight of the cle- 
6brick Body, and to be expanded through a 
Sphere, whofe Diameter is above two Feet, and 
yet to be able to agitate and carry up Leaf Cop- 
per, or Leaf Colo, at the diftancc of above a 
Foot from the eledtrick Body? And how the 
EflHuvia of a Magnet can be fo rare and fubtile, as 
to pafs through a Plate of Glafs without any Rcfi-. 
ftance or Diminution of their Force, and yet fo 
potent as to turn a magnetick Needle beyond the 
Gkfsf Y4 ^. 
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^/. 23. Is not Vifion pcrform'd chiefly by the 
Vibrations of this Medium, excited in the bot- 
tom of the Eye by the Rays of Light, and pro- 
pagated through the folid, pellucid and uniform 
Capillamenta of th^optick Nerves into the place 
of Senfation ? And is not Hearing perform'd by 
the Vibrations either of this or fome other Medi- 
um, excited in the auditory Nerves by the Tre- 
mors of the Air, and propagated through the fo- 
lid, pellucid and uniform Capillamenta of thofe 
Nerves into the place of Scmation ? And fo of 
the other Senfes, 

^. 24. Is not Animal Motion performed by 
the Vibrations of this Medium, excited in the 
Brain by the power of the Will, and propaga- 
ted from thence through the folid, pellucid and 
uniform Capillamenta of the Nerves into the 
Mufcles, for qontradting and dilating them? I 
fuppofe that the Capillamenta of the Nerves arc 
each of them folid and uniform, th?it the vibra- 
ting Motion of the Ethereal Medium may be 
propagated along them from one end to the other 
uniformly, and without interruption: For Ob-^ 
ftrudtions in the Nerves create Palfies. And that 
they may be fufficiently uniform , I fuppofe 
them to be pellucid when view'd fingly, tho' the 
Reflexions in their cylindrical Surfaces may make 
the whole Nerve ( compofed of many Capillar 
menta ) appear o^ke and white. For opacity 
arifes irom refledting Surfjices, fuch is may di-« 
i^rb and interrupt the Motions of this Medium. 

^. 2g. Are there not other original Proper^ 
tjes of the Rays of Li^t, befides thoie alrea-ii 
dy 49^cribed ? M inftanf^e of another original 

Jrro-i 
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Property wc have in the Refradtion of Ifland 
Cryftal , defcribed firft by Erafmus- Bartholine^ 
and afterwards more exaftly by HugmiuSy in his 
Book Di la Lumtere. Thia- Cryftal is a pel- 
lucid fiflile Stone, clear as Water or Cryftal of 
the Rock, and without Colour j enduring a red 
Heat \vithout lofing its tranfparency, and in a 
very ftrong Heat calcining without Fiifion. 
Steep'd a Day or two in Water, it lofes its na- . 
rural Poli{h. Being rubb'd on Cloth, it attraiSts 
pieces of Straws and other light things, like Am- 
bar or Glafs; and with Aqua forth it makes an 
Ebullition. It feems to be a fort of Talk, and 
is found in form of an oblique Parallelopiped, 
with fix parallelogram Sides and eight folid An- 
gles. The obtufe Angles of the Parallelograms 
are each of them ipi Degrees and 52 Minytes j 
the acute ones 78 Degrees and 8 Minutes, Two 
of the folid Angles oppofite to one another, as 
C and E, are compafled each' of 
them with ;hree of thefe obtufe JjSSi!*^ 
Angles, and each of the other 
fix with one obtufe and two acute ones. It 
cleaves eafily in planes parallel to any of its 
$ides, and not in any other Planes. It cleaves 
with 9 glqfly polite Surface not perfe<ftly plane, 
but with fome little unevcnnefs. It is eafily 
fcratch'd, and by reafon of its foftnefs it takes a 
Polifh very difficultly. It polifhes better upoa 
poliih'd Looking-glafs than upon Metal^ and 
perhaps better upon Pitch, Leather or Parch- 
ment. Afterwards it muft be rubb'd with a lit- 
tle Oil or white of an Egg, to fill up its Scratches; 
^hereby it will becoine very tranipareiit and ]^o- 
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lite. But for fcvcral Experiments, it is not ncccA 
fary to polifti it. If a piece of this cryftallinc 
Stone be laid upon a Book, every Letter of the 
Book fecn through it will appear double, by 
means of a double Refraftion. And if any beam 
of Light falls either perpendicularly, or in any 
oblique Anglo upon any Surface of this Cryftal, 
it becomes divided into two beams by means of 
the fame double Rcfraftion. Which beams are of 
the fame Colour with the incident beam of Light, 
and fecm equal to one another in the quantity of 
their Light, or very nearly equal. One of thefe 
Rcfraftions is performed by the ufual Rule of Op- 
ticks, the Sine of Incidence out of Air into this 
Cryftal being to the Sine of Refradlion, as five to 
three. The other Refradtion, which may be cal- 
led the unufual Rcfraftion, is performed by the 
following Rule. 




Let ADBC represent the. refracting Surface 
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of the Cryftal, C the biggeft folid Angle at that 
Surface, GEHF the oppofite Surface, andCIC 
a perpendicular on that Surface. Thk perpen- 
dicular makes with the edge of the Cryftal CF, 
an Angle of 19 Degr. 3'. Join KF, and in it 
take KL, fo that the Angle KCL be 6 Degr. 
40'. and the Angle LCF 12 Degr. 23'. * And if 
ST reprefent any beam of Light incident at T 
in any Ang^le upon the refradting Surface ADBC, 
let TV be the refra<aed beam determined by the 
given Portion of the Sines 5 to 3, according to 
the ufual Rule of Opticks. Draw VX parallel 
and equal to KL. Draw it the fame way from 
V in which L lieth from K; and joinmg TX, 
this line T X fhall be the other refrafted beam 
carried from T to X, by the unufual Refra- 
dion. '^ 

If therefore the incident beam ST be' perpen- 
dicular to the refrading Surface, the two beams 
TV and TX, into which it (hall become di- 
vided, (hall be parallel to the lines CK and CL j 
one of thofe beams going through the Cryftal 
perpehdicularly, as it ought to do by the ufual 
Laws of Opticks, and the other TX by an unu- 
fual Refradtion diverging from the perpendicular, 
and making with it an Angle VTX of about 6 j 
Degrees, as is found by Experience. Afla 
hence, the Plane VTX, and iuch like Planes 
which are parallel to the Plane CFK, may be 
called the Planes of perpendicular Refradtion. 
And the Coaft towards which the lines KL and 
VX are drawn, may be call'd the Coaft of unu- 
fual Refraction. 

In like manner Cryftal of the Rock tas a 
5* iokXiS^^ 
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double Refra6tion : But the difference of the two 
Refradtions is not fo great and manifeft as in 
Ifland Cryftal; 

When the beam S T incident on liQand Cry- 
ftal is divided into two beams T V and T X, 
apd thefe two beams arrive at the farther Surface 
of theGlafs; the beam TV, which was refra- 
ded at the firft Surface after the ufual manner, 
fhall be again refradled entirely after the ufual 
manner at the fecond Surface ; and the beam TX, 
which was refradted after the unufual manner in 
the firft Surface, fhall be again refradted entirely 
after the unufual manner in the fecond Surface; 
fo that botli thefe beams fliall emerge out of the 
' fecond Surface in lines parallel to the firft incident 
beam ST. 

And if two pieces -of Ifland Cryftal be pla- 
ced one* after another, in fuch manner that all 
the Surfaces of the latter be parallel to all the 
correfponding Surfaces of the former: The 
Rays which are refradted after the ufual man- 
ner in the firft Surface of the firft Cryftal, fliall 
he rcfraded after the ufual manner in all the 
following Surfaces ; and the Rays which are re- 
fradted after the unufual manner in the firft Sur- 
face, fhall be refradted after the unufual manner 
in all the following Surfaces. And the fame thing 
happens, though the Surfaces of the Cryftals be 
any wavs incUoed to one another, provided that 
their Planes of perpendicular Refradlion be pa- 
rallel to one anotner. 

And therefore there is an original difierence 
in the Rays of Lkht, by means of which fomc 
Rayp are in this Experiment conflantly refradt- 
ed 
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cd after the ufual manner, and others conftant- 
ly after the unufual manner : For if die diffe- 
rence be hot original, but arifes from new Mo* 
difications imprefs'd on the Rays at their firft 
Refradtion, it would be alter'd by new Modi- 
fications in the thfee following Refradtions; 
whereas it fuffers no alteration, but is conftant, 
and has the fame eflfedt upon the Rays in all the 
Refradtions. The unufual Refraftion is there- 
fore performed by an original property of the 
Rays, And it remains to be enquired, whether 
the Rays have not more original Properties than 
are yet difcover'd. 

^. 26. Have not the Rays x)f Light feveral 
fides, endued with feveral original Properties? 
For if the Planes of perpendicular Refradtion 
of the fecond Crjrftal be at fight Angles with 
the Planes of perpendicular Refradtion of the 
firft Cryftal, the Rays which are refi:adted after 
the ufual manner in pafling through the firft 
Cryftal, will be all of them refradted after the 
unufual manner in pafling through the fecond 
Cryftal ; and the R?iys which are refradted af- 
ter the unufual manner in pafTmg through the 
firft Cryftal, will be all of them refradted after 
the ufual manner in pafling through the fecond 
Cryftal. And therefore there are not two forts 
of Rays differing in their nature from one ano-. 
ther, one of wmch. is conftantly and in all Por 
fitions refradted after the ufual manner, and the 
other cpnftantly and in all Pofitions after the 
unufual manner. *rhe difference between the 
two forts of Rays in the Experiment mentioned 
in the 25th Queftion, was only in the Pofitions 

I of 
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of the Sides of the Rays to the Planes of pet- ' 
pendicular Refraftion. For one and the fame 
Kay is here refraded fometimes after the ufual, 
and fometimdS after the unufual manner, ac- 
cording to the Pofition which its Sides have to 
the Cryftals. If the Sides of the Ray are pofi- 
ted the fame way to both Cryftals, it is refra- 
cted after the fame manner in them both : But 
if that fide of the Ray which looks towards 
the Coaft of the unufual Refi-adion of the firfk 
Cryftal, be 90 Degrees from that fide of the 
fame Ray which looks toward the Coafl of the 
unufual Refraiftion of the fecond Cryftal, (which 
may be efFedted. by varying the Pofition of the 
iecond Cryftal to the fu-ft, and by coniequencc 
to the Rays of Light,) the Ray ftiall be refraded 
after feveral manners in the feveral Cryftals. 
There is nothing more required to determine 
whether the Rays of Light which fall upon the 
fecond Cryftal uiall^ be refradled after the ufual 
or after the unufual manner, but to turn about 
this Cryftal, fo that the Coaft of this Cryftal'* 
unufual Refradtion may be on this or on that 
fide of the Ray. And therefore every Ray may 
be confider'd as having four Sides or Quarters, 
two of which oppofite to one another incline 
the Ray to be refradted after the unufual man- 
ner, as often as either of them are turn'd to- 
wards the Coaft of unufual Refradtioo $ and the 
other two, whenever either of them are turned 
towards the Coaft of unufliat Refira^ion, do not 
Incline it to be otherwife j^fraiSsd than after 
the uflial manner* The two firft may there* 
fore be call'd the Sides of unufual Refiadion. 

And 
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And fince thefc Difpofitions were in^ the Rays 
before their Incidence on the fecond, third, and 
fourth Surfaces of the two Cryftals, and fufFer- 
cd no alteration ( fo far as appears, ) by the Re- 
fraction of the Rays in their paffage through 
thoie Surfaces, and the Rays were refta6:ed by 
the fame Laws in all the four Surfaces -, it ap- 
pears that thoie Difpofitions were in die Rays 
originally, and fuflfer'd no alteration by the firft 
Refradion, and thai: by means of thofe Dij[t>ofi-' 
tions the Rays were refraded at their Incidence 
on the firft Sur&ce of the firft Cryftal, fome of 
them after the ufual, and fonie of them after the 
unufual manner, accordingly as their Sides of 
unufual Refraction were then turn'd towards the 
Coaft of the unufual Refradion of that Cryftal, • 
or fideways from it. 

Every Ray of Li^ht has therefore two oppo- 
iite Sides, OTiginally endued with a Property on 
which the unufual Refradiion depends, apd the 
other two oppofite Sides not endued with thai; 
Property. And it remains to be enquired, whe- 
ther there are not more Properties of Light by 
which the Sides of the Rays differ, and are di* 
ftinguifh'd from one another. 

In explaining the difference of the Sides of 
the Rays above mencion'd^ I have fuppoied that 
the Rays fall perpendicularly on the fixft Cry^ 
ilal. But if they fall obliquely oo it, the Suc- 
cefs is the fame. Thofe Rays which are refi'a^ 
&cd after the ufual manner in the firft Cr3rftal^ 
will be refraded afttr the unufual manner in the 
fecond Cryftd^ fuppofing the Planes of perpen^ 

dicular 
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dicular Rcfradtion to be at right Angles with one 
another, as above ; and on the contrary. 

If the Planes of the perpendicular Refra<ftion 
of the two Cryftals be neither parallel nor per- 
pendicular to one another, but contain an acute 
Angle: The two beams of Light which emerge 
out of the fif ft Cryftal, will be each of them di- 
vided into two more at their Incidence on the fe- 
cond Cryftal. For in this cafe the Rays in each 
of the two beams will fome of them have their 
Sides of unufual Refradlion, and fome of them 
their other Sides turn'd towards the Coaft of the 
unufual Refradion of the fecond Cryftal. 

^. 2j. Are not all Hypothefes erroneous 
which have hitherto been invented for explain- 
ing the Phajnomena of Light, by new Modifica- 
tions of the Rays? For thofe Phaenomena de* 
pend not upon new Modifications, as has been 
luppofed, but upon the original and unchange* 
able Propenies of the Rays. 

^. 28. Are not all Hypothefes erroneous, 
in which Light is fuppofed to confift in Pref- 
fion or Motion, propagated through a fluid Me- 
dium ? For in all thefe Hypothefes the Phaeno- 
mena of Light have been hitherto explained by 
fuppofing that they arife from new Modifica- 
tions of the Rays 5 which is an erroneous Sup- 
pofition. 

If Light confifted only in Preffion propaga^ 
ted without adual Motion, it would not be a- 
ble to agitate and heat the Bodies which refradl 
and reflect it. If it confifted in Motion propa- 
. gated to all diftances in an iftftant, it would re- 
quire an infinite force every moment^ in every 

(hining 
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(hining Particle, to generate that Motion. And 
if It confided in Preflion or Motion, propaga- 
ted either in an infttot or in time, it would bend 
into the Shadow. For Preflion or Motion 
cannot be propagated in a Fluid in right Lines, 
beyond an Obftacle which ftops part of the Mo- 
tion, but will bend and fpread every way into 
the quiefcent Medium which lies beyond the 
Obftacle. Gravity tends downwards, but the 
Preflure of Water arifing from Gravity tends 
every way with equal Force, and is propagated 
as readily, and with as miich force fideways as 
downwards, and through crooked paflages as 
through ftaait ones. The Waves on the Surface 
of ftagnating Water, pafling by the fides of a 
broad Obftacle which ftops part of them, bend 
afterwards and dilate themfelvcs gradually into 
the quiet Water behind the Obftacle. The 
Waves, Pulfes or Vibrations of the Air, where- 
in Sounds confift, bend manifeftly, though not 
fo much as the Waves of Water. For a Bell 
or a Cannon may be heard beycmd a Hill which 
intercepts the fi^t of the founding Body, and 
Sounds are propagated as readily through crook- 
ed Pipes as through ftreight ones. But Light 
IS never known to follow crooked Paflages nor 
to bend into the Shadow. For the fix'd Stars 
by the Interpofition of any of the Planets ceafe 
to be feen. And fo do the Parts of the Sun 
by the Interpofition of tfie Moon, Mercury or 
y,enus. The Rays which pafs very near to the 
«dges of any Body, are bent a little by the acftion 
of the Body, as we fliew'd above; but this 
bending is not towards btit ifrom the Shadow, 

Z and 
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and is perform'd only in the pafTage of the Ray 
by the Body» and at a very Imall diftance from 
it. So foon as the Ray is pafl the Body, it goes 
right on. 

To explain the unufual Refraftion of Illand 
Cryftal by Prcffion or Motion propagated, has 
not hitherto been attempted (to my kn9wledge) 
except by Huygens^ who for that end fuppofed 
two feveral vibrating Mediums within that Ciy- 
ftal. But when he tried the Refradlions in two 
fucceflive pieces of that Cryftal, and found 
chem fuch as is mentioned above; he con&f* 
fed himfelf at a lofs for explaining them. For 
PrefTions or Motions, propagated from a (hining 
Body through an uniform Medium, muft be 
on all fides alike; whereas by thofe Experi- 
ments it appears, that the Rays of Light have 
different Properties in their different Sides. He 
fufpe^ed that the Pulfes of Mtber in pafling 
through the firft Cryftal might receive certain 
new Modifications, which might determine 
them to be propagated in this or that Medium 
within the fecond Cryftal^ •according to the 

Pofition of that CryftaL 

Mais four dir$ eammtni But what Modifications 

eiU fi fait j, n'aj rltn ^^(^ ^^ght bc he COUld 

trpvt jufqu Id am me fa- ^ ^ ,. , ^ 

iisfMjfi. t H. de la liimi- not lay, nor thmk of any 
ere. c 5. p. 91, thing iatisfadoiy in that 

Point. And it he had 
known that the unufual Refradtion depends noc 
on new Modifications, but on the original and 
unchangeable Difpofitionsof the Rays, he would 
have found it as difficult to explain how thoie 
Difpofitions which he fuppofed to be imprefs'd 

on 



B O O K in. J39 

on the Rays bv the firft Cryftal, could be in 
them before their Incidence on that Cryftal, 
and in general, how all Rays emitted by fhU 
ning Bodies, can have thofe Difpofitions iq 
them from the beginning. Td me, at leaft^^ 
this feems mexplicable, if Light be nothing 
clfe than Preflion or Motion propagated through 
^ther. - 

And*it is as difficult to explain by thefe Hy« 
pothefes, how Rays can be alternately in Fits 
pf eafy Reflexion and eaiy Tranfmifiion; uqlefs 
perhaps one miekt fuppoie that there are in all 
Space two Ethereal vibratine Mediums, an4 ' 
that the Vibrations of one. of them conftitute 
Light, and the Vibrations of the other arc^ fwift- 
er, and as often as they overtake the Vibrations 
of the firft, put them into thofe Fits. But how 
two Mtbers can be diftufed through all Space, 
one of which ads upon the other, and by con- 
iequence is re-aded upon, without retarding » 
0iattering, difperfing and confounding pne an- 
others Motions, is mconceivable. And againft: 
filling the Heavens with fluid Mediums, ifnlefs 
they be exceeding rare, a great Objection arifcs 
from the regular and very lafting Motioijs qf 
the Planets and Comets in all manner of Courfes 
through the Heavens. For thence it is ipan}- 
feft, that the Heavens are void of aU fenfiblc 
Refiftance, and b;^ confequence of all fenfible 
Matter. 

For the refifting Power of fluid Mediums a- 
rifes partly from the Attrition of the Parts of 
the Medium, and partly from the Vis inerfia 
of the Matter. That part of the Refiftance ot 

^ 2 affhc- 
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a fpherical Body which arifes from the Attrition 
of the Parts of the Medium is very nearly as the 
Diameter, or, at the moft, as the FaSlum of the 
Diameter, and the Velocity of the fpherical Bo- 
dy together. And that part of the Rcfiftancc 
which arifes from the Vh inertia of the Matter, 
is as the Square of that FaSlum. And by this 
difference the two forts of Refiftance mly be di- 
ftinguifli'd from one another in any Medium; 
and thefe being diftinguifli'd, it will be found 
that almoft all the Refiftance of Bodies of a com- 
petent Magnitude moving in Air, Water, Quick- 
silver, and fuch like Fluids with a competent Ve- 
locity, arifes from the Vh inertia of the Parts of 
the Fluid. 

Now that part of the refitting Power of any 
Medium which arifes from the Tenacity, Fri- 
dion or Attrition of the Parts of the Medium, 
may be dimini/h'd by dividing the Matter into 
Smaller Parts, and making the Parts more fmooth 
and flippery: But that part of the Refiftance 
which arifes from the Vis inertia^ is proportio- 
nal to the.Denfity of the Matter, and cannot be 
dimmifti'd by dividing the Matter into fmaller 
Parts, nor by any other means than by decrea- 
fmg the Denfity of the Medium. And for thefc 
Reafons the Denfity of fluid Mediums is very 
nearly proportional to their Refiftance. L^■ 
quors which differ not much in Denfity, as Wa- 
ter, Spirit of Wine, Spirit of Turpentine, hot 
"Oil, differ not much in Refiftance. Water is 
thirteen or fourteen times lighter than Qujck- 
filver, and by confequencc thirteen or fourteen 
times rarer, and its Kefiftiance is lefs than that 

of 
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of Quick-filver in the fame Proportion, or there- 
abouts, as I have found by Experiments made 
with Pendulums. The open Air in which we 
breathe is eight or nine hundred times lighter 
than Water, and by confequence eight or nine 
hundred times rarer, and accordingly its Refi- 
ftance is lefs than that of Water in the fame 
Proportion, or thereabouts ; as I have alfo found 
by Experiments made with PencTulums. . And in 
thinner Air the Refiftance is flill lefs, and at 
length, by ratifying the Air, becomes infenfi- 
blc. For fmall Feathers falling in the openf Air 
meet with great Refiftance, but in a tall Glafs 
well emptied of Air, ' they fall as fkft as Lead or 
Gold, as I have feen tried feveral times. Whence 
the Refiftance feems ftill to decreafe in propor- 
tion to the Denfity of the Fluid. For I do not; 
find by any Experiments, that Bodies moving 
ip Quick-filver, Water or Air, meet with any 
oiher fenfible Refiftance than what arifes from 
the Denfity and Tenacity of thofe fenfible Flu-r 
ids, as they would do if the Pores of thofe Flu- 
ids, and all other Spaces, were filled with a 
dcnfe and fubtile Fluid. Now if the Refiftance 
in a VejSel well emptied of Air, was but an 
hundred times lefs than in the open Air, it 
i^ould be about a million of times lefs than in 
Quick-filver. *But it feems to be much lefs in 
fuch a Veflel, and ftill much lefs in the Hea- 
vens, at the height of three or four hundred 
Miles from the Earth, or above. For Mr^ Boyle 
has ftiew'd that Air may be rarified above ten 
thoufand timae in Vefl^ls of Glafs; and the 
Hcavcps arc much emptier of Air than any Va-^ 
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cuum wc can make below. For (incc the Air 
is comprefs'd by the Weight of the incumbent 
Atmofphere^ and the Denfity of Air is propor- 
tional to the Force compreffing it, it follows by 
Computation, that at the height of about fc- 
ven and a half Eriglijh Miles from the Earth, the 
Air is four times rarer than at the Surface of the 
Earths and at the height of 15 Miles it is fix- 
teen times rarer than that at the Surface of the 
Earth ; and at the height of 22*, 30, or 38 Miles, 
it is rcfpedively 64, 256, or 1024 times rarer, 
or thereabouts 5 and at the hcijrht of ^6, 152, 
228 Miles, it is about loooooo, 1 000000000000, 
or loooooocooooooooooo times rarer-, and fo 
on. 

Heat promotes Fluidity, very much, by dimi- 
nifhing the Tenacity of Bodies. It makes ma« 
ny Bodies fluid which are not fluid in cold, and 
increafes the Fluidity of tenacious Liquids, as 
of Oil, Balfam, and Honey, and thereby dc- 
creafcs their Refiftance. But it decreafes not 
the Refiftance of Water confiderably, as it would 
do if any confiderable part of the Refiftance of 
Water arofe from the Attrition or Tenacity of 
its Parts. And therefore the Refiftance of Wa^ 
ter arifes principally and alriioft entirely from 
the Vis inertia of its Matter; and by confe- 
quence, if the Heavens wire as denfe -as "Wa- 
ter, they would not have much lefs Refiftance 
than Water J if as denfe as Quick-filwr, they 
would not have much lefs Refiftance than Quick- 
filver; if abfolutely denfe, or full of Matter 
without any Vacuum^ let the Matter be ncter 
fo fubtil and fluid, they would hive a greater 

Rembnce 
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Reliftance than Qujck-filvcr. A folid Globe in^ 
fuch a Medium would lofe above hdf its Mo- 
tion in moving three times the length of its 
Diameter, and a •Globe not folid ( fuch as are 
the Planets, ) would be retarded fooner. And 
therefore to make way for the regular and laft- 
ing Motions of the planets and Comets, it*s ne- 
ceflary to empty the Heavens of all Matter, ex- 
cept perhaps tome veiy thin Vapours, Steams, 
or Effluvia, arifing from the Atmofphcres of the 
Earth, Planets, and Comets, and from fuch an 
exceedingly rare* /Ethereal Medium as we dc- ^ 
fcribed above. A denfe Fluid can be of no ufe 
for explaining the Phscnomena of Nature, the 
Motions of the Planets and Comets being better 
explained without it. It fervcs only to diflurb 
and reurd the Motions of thofe great Bodies, 
and make the Frame of Nature languifh: And 
iii the Pores of Bodies, it ferves only to flop 
the vibrating Motions of their Parts, vrherein 
their Heat and.Aftivity confifts. And as it is 
of no ufe, and hinders the Operations of Na- 
ture, and makes her languifh, fo there is no e- 
vidence for its Exiflcnce, and therefore it ought 
to be rcjcdlcd. And if it be rejected, the Ily- 
pothefes that Light confifls in PrefTion or Mo- 
tion, projpagated through fuch a Medium, are 
rgcfted with it. 

And for rejeding fuch a Medium, we have 
the Authority of thofe the oldefl and moft ce- 
lebrated Philofbphers of Greece and Fhcenicia^ 
who made a Vacuum^ and Atoms, - and the Gra- 
vity of Atoms, the firfl Principles of their Phi- 
lofophy; tacitly attributing Gravity to fome o- 
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ther Caufe than denfe Matter. Later Philofo 
phers banifti the Confideration of fuch a Caufe 
out of natural Philofophy, feigning Hypothefes 
for explaining all ihings mecJianiQally, and re- 
ferring other Caufcs to Metaphyficks : Whereas 
the in4in Bufinefs of natural Philofophy is to 
argue from Phaenomena without feigning Hy- 
pothefes, and to deduce Caufes from EfFetts, 
till we come to the very firft Caufe, which cer- 
tainly is not mechanical; and not only to un- 
fold the Mechanifm of the World, but chiefly 
to refolve thefe and fuch like Queftions. What 
is there in places almoft empty of Matter, and 
whence is it that the S.un and Planets gravitate 
towards one another, without denfe Matter be- 
tween them?^ Whence is it that Nature doth 
nothing in vain; and whence arifes all chat Or- 
der and Beauty which we fee in the World? 
To what end are Comets, and whence is it that 
Planets move all one and the fame way in Orbs 
concentrick, while Comets move all manner of 
ways in Orbs very excentrick ; arid what hinders 
the fix'd Stars from falling upon one another ? 
How came the Bodies of Animals to be contri- 
ved with fo much Art, and for what ends were 
their feveral Parts? Was the Eye cgntrived 
without Skill* in Opticks, and the Ear without 
Knowledge of Sounds ? How do the Motions 
of the Body follow from the Will, and whence 
is the Inftindt in Animals r Is not the Senfory of 
Animals that place to which the fenfitive Sub- 
ftance is prefent, and into which the fenfible 
Species of Things a^e carried through the Nerves 
and Brain, that there they may be perceived 

by- 



BOOK III. 345 

by their immediate prefence to that Subftance ?; 
And thcfe things being rightly difpatch'd, does 
it not appear from Phenomena that there is a 
Being incorporeal, living, intelligent, omniprc- 
fent, who in infinite Space, as it. were in his Sen- 
' fory, iiees the things themfelves intimately, aud 
throughly perceives them , and comprehends 
them wholly by their immediate prefence to 
himfelf : Of which things the Images only car- 
ried through the Organs of Senfe into our little 
Senforiupis, are* there feen and beheld by that 
which in us^ perceives and thinks. And thpugh 
every true Step made in this Philofophy brings us 
not immediately to .the Knowledge of the firft 
Caufe, yet it brings us nearer to it, and on that 
account is to be highly valued. 

^.29. Are not the Rays of Light very^ 
fmall Bodies emitted from fhining Subftances?' 
For fuch Bodies will pafs through uniform Me- 
diums in right Lines without bending into the 
jShado^w^, which is the Nature of the Rays of 
Light. They will alfo be capable of feveral 
Properties, and be able to conferve their Pro- 
perties unchanged in pailing through feveral 
Mediums, which is another Condition of the 
Rays of Light. Pellucid Subftances adt upon 
the Rays of Light at a diftance in refradting, re- 
fledling, and infledling them, and the Rays mu- 
tually agitate the Parts of thofe Subftances at a 
diftance for heating them; and this Adlion and 
Re-adtion a; a diftance very much refembles an 
attractive Force between Bodies. If Refradtion 
be perfori7i*d by Attradtion of the Rays, the 
Sines of Incidence mufi be to the Sines of Re- 
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firadlion in a given Proportion, as we flicw'd in 
our Principles of Philofophy : And this Rule is 
true by Experience. Tnc Rays of Light in 
going out or Glafs into a Vacuum^ are bent to- 
wards the Glafs ; and if they fall too obliquely 
on the Vacuum^ they are bent backwards into 
theOlafSy and totally refledted; and this Refle- 
xion cannot be afcribed to the Refiftance of an 
ahfolute Vacuum^ but muft be caufed by the 
Power of the Glafs attracting the Rays at their 
going out of it into the Vacuum^ and bringing 
them back. For if the farther Surface ot the 
Glafs be moiften*d with Water or clear Oil, or 
liauid and clear Honey, the Rays which would 
otncrwife be refledted will go into the Water, 
Oil, or Honey ; and therefore are not refleded 
before they arrive at the farther Surface of the 
Glafs, and begin to go out of it. If they go out 
of it into the Water, Oil, or Honey, they 
go on, bccaufe the Attraftion of the Glafs is 
almofl balanced and rendered inefFedual b^ 
the contrary, Attradtion of the Liquor. But if 
they go out of it into a Vacuum which has no. 
Attraction to balance that of the Glafs, the At- 
traction of the Glafs either bends and refrads 
them, or brings them back and refleds them. 
And this is ftill more evident by laying together 
two Prifms of Glafs, or two Objedt-glaflb of 
very long Telefcopes, the one plahe, the o- 
ther a little convex, and fo compreffing them 
that they .do not fully touch, nor are too fer a- 
funder. For the Light which falls upon the 
farther Surface of the firft Glafi where the In- 
terval "between the Glaffes is not above the ten 

hundred 



BOOK III. 347 

hundred thoufandth Part of an Inch, will go 
through that Surface, and through the Air tx 
Vacuum between the Glades, and enter into the 
fecondGlais, as was explained in the firft, fourth, 
knd eighth Ob/ervations of the firft Part of the 
fecond Book. But, if die fecond Glafs be taken 
* awav, the Light which goes out of the iecond 
Surface of the firft Glafs into the lAir or Fa- 
cuufHj will not go on forwards, but turns back* 
into the firft Glafsj and is reflefied; and there- 
fore it is drawn back by the Power of the firft 
Glafs, there beii^ nothing elfe to turn it back. 
Nothing more is requifite for "producing all the 
variety of Colours, and degrees of Refiangibi- 
lity, than that the Rays of Light be Bodies of 
different Sizes, the l^ft of which may take 
viplet the weakeft and darkeft of the Colours, 
and be more eafily diverted by fefi^ding Sur- 
faces firom the right Courfe ; and the reft as 
they are bigger and bigger, may make the 
flronger and more lucid Colours, blue, green, 
yellow, and red, and be more and more diffi- 
cultly diverted. Nothing more is rcauifite for 
putting the Rays of Light into Fits ot eafy Re- 
flexion and eafy Tranfmifiion, than that they be 
fiiiall Bodies which by their attraftivc Powers, 
or fomie other Force, ftir up Vibrations in what 
they a£t upon, which Vibrations being fwifter 
than the Rays, Qvertake them fucorffively, and ' 
agitate them fo as by turns to increafe and de- 
cnsafe their Velocities, and thereby put them 
into thofe fm. And laftly, the unufual Refra- 
ction of Ifland-Cryftal looks very much as if it 
were perforna'd by fomc kind of attraftive vir- 
tue 
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tue lodged in certain Sides both of the' Rays, 
and of the Particles of the Cryftal. For were 
it not for fome kind of Difpofition or Virtue 
lodged in fome Sides of the Particles of the 
Cryftal, and not in their other Sides, and which 
inclines and bends the Rays towards the Coaft 
of unufual Refraftion, the Rays which fall per- ' 
pendicularly on the Cryftal, would not be rc- 

' fradled towards that Coaft rather than towards 
any other Coaft, both at their Incidence and at 
their Emergence, fo as to emerge perpendicu- 
larly by a contrary Situation of the Coaft of 
unufual Refraction at the fecond Surface ; the 
Cryfl:al adling upon the Rays after they have 
pafs'd through it, and are emerging into the 
Air; or, if you pleafe, into a Vacuum* And 
fince the Cryftal by this Difpofition or Virtue 
does not a£t upon the Rays, unlefs when one 
of their Sides of unufual Refraction looks to- 
wards that Coaft, this argues a Virtue or Difpo- 
fition in thofe Sides of the Rays, which an- 
fwers to, and fympathizes with that Virtue or 
Difpofition of the Cryftal, as the Poles of two 
Magnets anfwer to one another. And as Mag- 
netifm may be intended and remitted, and is 
found only in the Magnet and in Iron : So this 
Virtue oi refradting the perpendicular Rays is 
greater in Illand-Cryftal, lefs in Cryftal of the 

. Rock, and is not yet found in other Bodies. I 
do not lay that this Virtue is magnetical : It 
feems to be of another kind. I only fay, that 
whatever it he, . it's difl[icult to conceive how 
the Rays of Light, unlefs they be bodies, <an 
have a permanent Virtue in twa of their Sides 
I which* 
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which is not in their other Sides, and this without 
any regard to their Pofitioh to the Space or Me- 
dium through which they pafs. 

What I mean in this Queftioti by a Vacuum^ 
and by the Attractions of me Rays of Light to- 
wards Glafs or Cr5rftal, may be underfiood by 
what was faid in the i8th, 19th, and 20th Que- 
ftions. 

^^ft. 30. Are not grofs Bodies and Light con-' 
vertible into one another, and ma»y not.Bddies re- 
ceive much of their Adtivity from the Particles 
of Light which enter their Compofition ? For all 
fix'd Bodies being heated emit Lig^t fo long as 
they continue fumciently hgt, andLJ^ht mutually 
ftops in Bodies as often as its Rays ftrike upon 
their Piarts, as we (hew'd abovtJ ' I knotv;^(i 
Body lefs iapt to fliine than Witer; and yet Wa- 
ter by frequent Dlftillations changes into fix'd 
Earth,as Mr. Boyle ha^try'd ; and then this Earth 
being enabled to endute a fufficicnt Heac^ ftiines 
by Heat like other flodies. 

The changing of Bodies into Light, and Light 
into Bodies, is very conformable to the Cour£$ 
of Nature,^ which feems delighted with Tranfi- 
mutations. -Water, Which is a very fluid taftelef^ 
Salt, fhe changes by Heat into Vapour, whicft 1^ 
a fort of Air, ^d by Cold into tee; which is a 
hard, pellucid, brittle, fufible Stone; and this 
Stone returns into 'Water by HcaV,'and VapoUt 
returns into Water by Cold. Earth by Heat be- 
comes Fire, and by Cold returns int6 Earth*. 
. Dehfe Bodies by fermentation rirify into feve- 
ral forts of Air, and this Air by Ferrnentatiori, 
and fometimcs without it, returns into dfcnfe 

Bodies, 
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Bodies. Mercury appears fometimes in the form 
of a fluid Metal» fometimes in the form of a hard 
brittle Metal, fometimes in the form of a corro- 
five pellucid Salt call'd Sublimate, fometimes in 
the form of a taftelefs, pellucid, volatile white 
Earth, call'd Mercurius Dulcis ; or in that of a 
red opake volatile Earth, call'd Cinnaber ; or in 
that of a red or white Precipitate, or in that of 
a fluid Salt ; and in Diflillation it turns into 
Vapour, and being agitated in Vacuo^ it (hines 
like Fire. And after all thefe Changes it re- 
turns again into its firft form of Mercury, 
Eggs grow from infeniible Magnitudes, and 
change into ^Animals ; Tadpoles into Frogs i 
and Worms into Flies. All Birds, Beafls and 
Fiihcs, Infers, Trees, and other V^tables, 
with their feveral Parts, grow out ot Water 
and watry Tindtures and Salts, and by Putrc- 
&£Uon return again into watry Subfbuices. And 
Water ftanding a few Days in the open Air» 
yields a Tindhire, which (like that of Malt) by 
ftanding longer yields a Sediment and a Spi-« 
rit, but before Putrefaction is fit Nourifhmenc 
for Animals and Vegetables. And among fuch 
various and ftrange Tranfinutations, why may 
not Nature change Bodies into Light, and Liglic 
into Bodies ? 

^eji. 3 1. Have not the fmall Particles of Bo- 
dies ceruin Powers, Virtues, or Forces, by which 
they a£t at a diflance, not only upon the Rays 
of Light for reflecting, refradtmg, 'and inflcA^ 
ing them, but alfo upon one another for pro- 
ducing a great Part of the Phsenomena of Nap- 
ture? For it's well known, that Bodies a£k 

one 
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one upon another by the Attradions of Gravity, . 
Magnetifm, and Eledricity ; and thefe Inftanccs 
ihew the Tenor and Courfe of Nature, and make 
it not improbable but that there may be ipore at- 
tradive rowers than thefe. For Nature is very 
confonant and conformable to her felf. How 
thefe Attractions may be performed, I do not here 
confider. What I call Attradtion may be per*, 
form'd by inipulfe, or by fome other means un** 
known to me. I ufc tfcat Word here to fignify 
only in general any Force by which Bodies tend 
towards one anotner^ whatfpever be the Cau&; 
For we muft learn from the Phsenomena of 
Nature what Bodies, attra£t one another, and 
what are the Laws and Properties of the At* 
tradition, before we enquire the Caufe by which 
the Attradion is ^rfdrm^d. The Attradions of 
Gravity, Magnetifin, aod Eledxicity, reach to 
very fenfible diftapces, and fo have hcicn obierve4 
by vulgar Eyes, and there may be others which 
reach to fo Imall dij^ces as hitherto efcape Ob«- 
fervations and perh^s eledrical Aujadion may 
reach to fuch fmall oiftances, even without being 
excited by Fridion. 

For wnen Salt of Tartar runs per Deliquium^ 
is not this done by an Attradtioxi between the 
Particles of the Salt of Tartar, and the Fartir 
cks of the Water wliich float in ihe Air in the 
form of Vapours ? And why does not conunon 
Salt, or Salt-petrc, or Vitriol, run per Deliquium^ 
but for want of fuch an Attradtion ? Or why 
does not Salt of Tartar draw more Wat^r our 
of the Air than in a certain Proportion to its 
^uantiqrs but for want of an attractive Force 
2 after 
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after it is fatiated with Water ? And whence 
is it but from this attradtive Power that Water 
which alone diftils with a gentle luke-warm 
Heat, will not diftil from Salt of Tartar with- 
out a great Heat ? And is it not from the Jike 
attradlive Power between the Particles of Oil of 
Vitriol and the Particles of Water, that Oil of 
Vitriol draws to it a good quantity of Water 
out of the Air, and aftqr it is fatiated draws no 
more, and in Diftillation lets go the Water very 
difficultly ? And when Water and Oil of Vi- 
triol poured fucceffively into the fame Veffel 
frow very hot in the mixing, does, not this 
Icat argue a great M6;ribn in the Parts of the 
Liquors ? And does not this Motion argue, that 
the Parts of the two Liquors in mixing coa- 
lefce with Violence, and by tonfequenpc rufli to- 
wards one another with an accelerated Mo- 
tion ? And when Aqua farih;' or Spirit of Vi- 
triol poured upon Filings of Iron, dilTolves the 
Filings with a great Heat attd Ebullition,^ ife not 
this Heat and Ebullition effected bva violent 
Motion of the Parts, and does not that Motion 
argue that the acid Parts of the Liquor rufh to- 
wards the Parts of the Metal with violence, 
and run forcibly into its Pores till they get be- 
tween its outmoft Particle?, and the main Mafs 
of tlie Metal, and futrdtmding thofe I^articles 
loofen them from the main Mafs, an^ fet thetn 
at liberty to float off into the Water ?' Ahd 
When the acid Particles, which alone would 
diftil with an eafy Heat, will not feparate from 
the Particles of the Metal without a very vio- 

' lent 
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lent Heat, does not this confirm the Attraftion 
between them ? 

When Spirit of Vitriol poured upon cornr^ 
mon Salt or Salt-petre makes an Ebullition witla. 
the Salt, and unites with itj and in Diftillation 
the Spirit of the Common Salt or Salt-petrc 
comes over much eafier than -it would do be- 
fore, and the acid part of the Spirir of VitrioF 
ftays behind j does not this argue that the fix'd 
Alcaly of the Salt ^ttrafts the acid Spirit of the 
Vitriol more ftrongly than its own Spiritj and 
not being able to hold them both, lets go its 
own? And when Oil of Vitriol is drawn off 
from its weight of Nitre, and from both the 
Ingredients a compound Spirit of Nitre is diftil- 
led, and two parts of this Spirit are pouted on 
one part of Oil of Cloves or Carraway Seeds, iorrpl 
any ponderous Oil of vegetable or animal Subr? 
ftances, or Oil of Turpentine thicken'd with a 
little Balfam of Sulphur, and theX,iquors grow fo 
very hot in mixing, as prefently to fend up a burn- 
ing Flame ; does not this very great and AicUen 
Heat argue that the two Liquors mix with vio- 
lence, and, that their Parts in mixing run to- 
wards one another with an accelerated Motion, 
and clafli with the greateft Force? And is it 
not for the feme reafon that well redified Spi- 
rit of Wine poured on the fame compound Spi- 
rit flafhes 5 ind that the Pulvis fulminans^ com- 
poJfed of Sulphur, Nitre, and Salt of Tartar^ 
goes off with a more fudden and violent Ex- 
plofion than Gun*powder, the acid Spirits of 
the Sulphur and Nitre ruihing towards one an- 
other, and tovrards the Salt of Tartar, with io 

A a great" 
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great a violence, as by the (bock to turn the 
whole at once mto Vapour and Flame ? Where 
the Diffolution is flow, it makes a flow Ebulli- 
tion and a gentle Heat ; and where it* is quick- 
er, it makes a greater Ebullition with more 
heat i and where it is done « once, the Ebul- 
lition is contra^d into a fuddcn Blaft or vio- 
Ibnt Explofion, with a heat equal to that of 
Fire and Flame. So when a Drachm of the a^ 
bove-mention'd compound Spirit of Nitre was 
poured upon half a Drachm of Oil of Carraway 
Seeds in vacuOy the Mixture imnfiediatdy made 
a flafli like Gun-powder, and burft "iK^ ex- 
hauflied Receiver, which was a Glafs fi^'kM^ies 
wide, and eight Inches deep. And cvtifiihc 
grofs Body of Sulphur powder'd, and with an 
equal weight of Iron Filings and aJinle Water 
made into Pafte, ad:s upon the Iron, and in five 
or fix hours grows too hot to be touch'd, and 
emits a Flame. And by thefe Experiments com- 
pared with the great quantity of Sulj^ur with 
which the Earth abounds, and the warmth of 
the interior Parts of the Earth, aud hot Springs, 
and burning Mountains, and with Damps, mi- 
ne»l Corulcations, Earthquakes, hot tuffoca- 
ting Exhalations, Hurricanes, and Spouts; we 
may learn that fulphureous Steams abound in 
the Bowels of the Earth and ferment with Mi- 
nerals, and fometimes take fire with a fudden 
Corufcation and Explofion ; and if pent up in 
fubterraneous Caverns, burft the Caverns with a 
great (baking of the Earth, as in fpringing of a 
Mine. And then the Vapour generated by the 
Explofion, expiring through the Pores of the 

3 Earth, 
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Eafth, feels hot and fuffbcates, and makes Tem- 
pt&s and Hurricanes, and fometimes caufcs the 
Land to Aide, or the Sea to boil, and carries 
up the Water thereof in Drops, which by their 
weight fall down again in Spouts- Alfo fomc 
fulphureous Steams, at all times when the Earth 
is dry, afccnding into the Air, ferment there 
with nitrous Acids, and fometimes taking firef 
caufc Lightning and Thunder, and fiery Me- 
teors. For the Air abounds with acid Vapours 
fit to promote Fermentations, as appears by the 
rufting of Iron and Copper in it, the kindling 
of Fire by blowing, and the beating of the 
Heart by means of Rjcfpiration. Now the a- 
bove-inention'd Motions are fo great and violent 
as to (hew that in Fermentations the Particles of 
Bodies which almoft reft, are put into new Mo- 
tions by a very potent Principle, which a€t:s up- 
on them only when they approach one another, 
and cauies them to meet and clafti with great vi- 
clencQ^ and erow hot with the motion^ and dafli 
one another mto pieces, and vaniih into Air> and 
Vapour, and Flame. 

When. Salt of Tartar per deliquium^ bemg 
poured into the Solution of any Metal, preci- 
pitates the Metal, and makes it fall down to the 
bottom of the Liquor in the form of Mud: 
Does not this argue that the acid Particles are 
attra<aed more ftrongly by the Salt of Tartar 
than by the Mc^al, and by the ftronger Attra- 
dion go from the Meial to the Salt of Tartar ? 
And lo wlien a Solution of Iron in Aqua fortis 
diffolves the Lapis Calaminaris^ and lets go the 
Iron, or a Solution of Copper diffolves Iron im- 
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irierfcd in it and lets go the Copper, or a So- 
lution of Silver diffolves Copper and lets go the 
Silver, or a Solution of Mercury in Aquafortis 
being poured upon Iron, Copper, Tin, or Lead, 
diffolve? the Metal and lets go the Mercury; 
does not this argue that the acid Particles of 
the Aqua fort is are attraded more ftrongly by 
the Lapis Calafninaris than by Iron, and more 
ftrongly by Iron than by Copper, and more 
ftrongly by Copper than by Silver, and niore 
ftrongly by Iron, Copper, Tin, and Lead, than 
by Mercury ? And is it not for the fame reafon 
that Iron requires more Aqua fortis to diffolve 
it than Copper, and Copper more than the other 
Metals s and that of all Metals, Iron is diffolved 
moft cafily, and is moft apt to ruft ; and next af- 
ter Iron, Copper? 

When Oil of Vitriol is mix'd with a little 
Water, or is run per deliquium^ and in Diftil- 
lation the Water afcends difficultly, and brings 
over with it fome part of the Oil of Vitriol in 
the form of Spirit of Vitriol, and this .Spirit be- 
ing poured upon Iron, Copper, or Salt of Tar- 
tar, unites with the Body and lets go the Wa- 
ter ; doth not this fhew that the acid Spirit is at* 
traded by the Water, and more attradcd by 
the lix'd Body than by the Water, and there* 
fore lets go the Water to clofe with the fix'd 
Body ? And is it not for the fame reafon that 
the Water and acid Spirits which are mix'd to- 
gether in Vinegar, Aqua fortis^ ^and Spirit of 
Salt, cohere and rife together in Diftillation; 
but if the Menjlruum be poured on Salt of Tar- 
tar, or on Lead, or Iron, or any fix'd Bodv 

which 
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which it can diffolve, the Acid by a ftronger At- 
tradioii adheres tq the Body, and lets go the 
Water? And is it\not alfo from a mutual At- 
traftion that the Spirits of Soot and Sea-Salt 
unite and compofe the Particles of Sal-armq- 
niac, which are lefs volatile than before, be- 
caufe grofler and freer from Water ; an4 that 
the Particles of Sal-armoniac in Sublimation car- 
ry up the Particles of Antimony, which will not 
fublirafe alone ; and that the Particles of Mer- 
cury uniting with the acid Particles of Spirit 
of Salt compofe Mercury fublimate, and with 
the Partic^les of Sulphur, compofe Cinnaber; 
and that the Particles of Spirit of Wine and 
Spirit of Urine well rectified unite, and letting 
go the Water which diflblved them, compofe a 
confiftent Bodyj and that in fubliming Cinna- 
ber from Salt ofTartaf, or from quick Lime, 
the Sulphur by a ftronger Attradion of the Salt 
or Lime lets' go the Mercury, and ftays with 
the fix'd Body -, and tlwt when Mercury fubli- 
mate is fublihied from Antimony, or from Re- 
gulus of Antimony, the Spirit of Salt lets go the 
Mercury, and unite3 with the antimonial Me- 
tal which a<tra6ts it more ftrongly, and ftays 
with it till the Heat be great enough to make 
thetn both aftend together, and then carries 
up the Metal with it in the form of a very fu- 
fihle Salt, called Butter of Antimony, although 
the Spirit of Salt alone be almoft as volatile as 
Water, and the Antimony alone as fix'd as 
Lead? 

. When jiqua fortis diffolves Silver and not 
Gold, and ji^ua regia diffolves Gold and not 
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Silver, may it not be faid that Aqua fortis is 
fubtil enough to penetrate Gold as well as Sil- 
ver, but wants the attractive Force to give it 
Entrance ; and that jiqua regia is fubtil enough 
to penetrate Silver as well as Gold, but wants 
the ii:trav?Live Force to give it Entrance? For 
^^^'ua rcgia is notliing elfe than Aqua fortis 
mix'd wiUi fonie Spirit of Sail, or with Sal-ar- 
moniac j and even common Salt diflblvcd in A^ 
qua forti:^ enables the Menjiruum to difTolve 
Gold, though the Salt be a grofs Body. When 
therefore Spirit of Salt precipitates Silver out 
of Aqua fortis^ is it not done by attradting and 
mixing with the Aqua fortis^ and not attrad- 
ing, or perhaps repelling Silver? And when 
Water precipitates Antimony out of the Subli- 
mate of Antimony and Sal-armomac, or out of 
JButter of Antimony, is it not done by its dif- 
folving, mbcing with, and weakening the Sal- 
armoniac or Spirit of Salt, and its not attradl^ 
ing, or perhaps repelling the Antimony ? And 
is it not for want of an attradlivc virtue be- 
tween the parts of Water and Oil, of Quick- 
lilver and Antimony, of Lead and Iron, that 
thefe Subftances do not mix ; and by a weak 
Attraftion, that Quick-filver and Copper mix 
difficultly ; and from a ftrong oac, that Quick- 
filver and Tin, Antimony and Iron, Water and 
Salts, mix readily? And in general, is it not 
from the fame Principle that Heat congregates 
homogencal Bodies, and feparates heterogeneal 
ones? 

When Arfenick with Soap gives a Reguhis, 
and whh Mercury fublimatc a volatile fufiblc 

Salt, 
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Salt, like Butter of Azitimony-, doth not thiat 
Ihew that Arfenick, which is a Subftance totally^ 
volatile, is compounded of fix'd and volatile 
Parts, ftrongly cohering by a mutual Attradkm, 
fo that the volatile will not afcend without car- 
rying up the fixed ? And fo, when an equal 
weight of Spirit of Wine and Oil of Vitriol 
are digefted together, and in Diftillation yield 
two fragrant and volatile Spirits which will not 
mix with one another, and a fix'd black /Earth 
remains behind; doth not this Ihew that Oil of 
Vitriol is compofed of volatile and fix'd Part? 
ftrongly united by Attradion, foas to afcend to- 
gether in form of a volatile, acid, fluid Salt^ 
until the Spirit of Wine attrads and fcpatates 
the volatile Parts from the fixed? And there* 
fore, fince Oil of Sulphur per Camparutm is of 
the fame Nature with Oil of Vitriol, may it not 
be inferred, that .Sulphur is alfo a mixture of 
volatile and fix'd Parts fo ftrongly cohering by 
Attradion, as to afcend together in Sublima- 
tion. By diflblving Flowers of Sulphur in Oil 
of Turpentine, and diftilling the Solution, it is 
ibund that Sulphur is compofcd of an inflama- 
ble thick Oil or fat Bitumen, an acid Salt, a 
verv fix'd Earth, and a little Metal. The three 
firft were found not much unequal to one 
another, the fourth in fo fmall a quantity as 
fcarce to be worth confidering. The acid Salt 
diffolved in Water,, is the fame with Oil of SuU 
jphur per Campanamy and abounding much in 
the Bowels of the Earth, and particularly iii 
Markafites, unites it felf to the other Ingredi- 
ents of the Markafite, which are. Bitumen, I- 
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ron, Copper, and Earth, and with them com- 
pounds Allum,. Vitriol, and Sulphur. With the 
Earth alone it compounds Allum j with the Me- 
tal alone, of Metal and Earth together, it com- 
pounds Vitriol ; and with the Bitumen and Earth 
It compounds Sulphur. Whence it conies to 
pafs that "Markafites abound with thofe three Mi- 
nerals. And is it not from the mutual Attraction 
of the Ingredients that they ftick together for 
compounding thefe Minerals, and that the Bitu- 
men* carries up the other Ingredients of the Sul- 
phijf , which without it would not fublime ? And 
the fame Qucftion may be put concerning all, 
pr almoft all the grofs Bodies in Namre, For 
all the Parts of Animals and Vegetables are com- 
pofed of Slibftances volatile and fix'd, fluid and 
Iblid, as' appears by their Analyfis 5 and fo 
are Suits and xVIinqrals, fo far as Chymifts have 
been hitherto able to examine their Compofi- 
tion, 

When Mercury fublimate is re-fublimed with 
frefli Mercury, and becomes Mercurius Dulcis^ 
which is a white taftelefs Earth fcarce diflblva- 
ble in Water, and Mercurius Dulcis re-fublimcd 
with Spirit of Sfilt returns intq Mercury fubli- 
mate ; and when Metals corroded with a little 
acid turn into ruft, which is an E^rth taftelefs 
and indiifolvable in Water, and this Eartli im-^ 
bibed with more acid becomes a metallick 
Salt; and when fom? Stones, as Spar of Lead, 
dilTolved in proper Mcpiflruums become Salts 5 
do not thefe things fliew that Salts are dry Earth 
and watry Acid united by Attraaion,'and that 
the Earth will not become a Salt without fo 

much 
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much acid as makes it diflblvable in Water ? Do 
not the (harp and pungent Taftes of Acids 
arife from ithe ftrong Attrattion whereby the 
acid Partiglcs rufh upon and agitate the Par- 
ticles, of the Tongue ? And when Metals are dif- 
folved in acid MenJlruumSj and the Acids in 
conjundtion with the Metal. ad after a different 
manner, fo that the Compound has a different 
Taftc much milder than before, and fometimes 
a fwect one ; is it not becaufe the Acids ad-, 
here to the metallick Panicles, and thereby 
lofe much of their Aftivity ? And if the Acid 
be in too fmall a Proportion to make the Com- 
pound diflblvable In Watet, will it not by ad- 
hering ftrongly to the Metal become unadlive and 
lofe its Taftc, and the Compound be a taftelefs 
Earth i For fuch things as are not diflblvable by 
the Moifture of the Tongue, aft not upon the 
Tafl:e, 

As Gravity makes the Sea flow round the 
denfer and weightier Parts of the Globe of the 
Earthy fo the Attra<aion may make the watry 
Aqid flow round the denfer and conipadter Par- 
ticles of Earth for compofing the Particles of 
Salt, For otherwife the Acid would not do 
the Ofike of a Medium between the Earth and 
conm)on Water, for making Salts diflblvable in 
the Water 5 nor 'would Salt of Tartar readily 
draw off" the Acid from diflblved Metals, nor 
Metals.the Agid from Mercury. Now, as in the 
great Globe of the Earth and Sea, the denfefl: 
Bodies by their Gravity fink down in Water, 
and always endeavour to go towards the Cen-« 
ter of the Globes fo in Particles of Salt, the 
^ dcnfcft. 
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dcnfeft Matter may always endeavour to approach 
the Center of the Particle ; So that a Panicle of 
Salt may be compared to a Chaos j being denfc, 
hard, dry, and earthy in the Center -, and rare, 
foft, moLft, and watry in the Circumference. 
And hence it feems to be that Salts are of a 
lafting Nature, being fcarce deftroy'd, unlefs by 
drawing away their watry Parts by violence, 
or by letting them foak into the Pores of the 
central Earth by a gentle Heaf in Putre^-* 
£tion, until the Earth be diiTolved by the Wa- 
ter, and feparated into fmaller Particles, which 
by rcafon of their Smallnefs make the rotten 
Compound appear of a black Colour. Hence 
alfo it may be, chat the Parts of Animals and 
Vegetables preferve their feveral Forms, and 
aflimilate their Nourifhment ; the foft and moid 
Nourifhment eafily changing its Texture by a 
gentle Heat and Motion, till it becomes like the 
denfe, hard, dry, and durable Earth in 'the Cen- 
ter of each Particle. But when the Nourifli- 
mcnt grows unfit to be affimilated, or the cen- 
tral Eanh grows too feeble to aflimllate it, the 
Motion ends in Confuiion, Putrefadion, and 
Death. 

If a very fmall quantity of any Salt or Vitriol 
be diffolvcd in a great quantity of Water, the 
Panicles of the Salt or Vitriol will not fink to 
the bottom, though they be heavier in Specie 
than the Water, but will evenly difRiie them- 
felves into all the Water, fo as to make it as fa- 
line at the top as at the bottom. And does not 
this imply that the Parts of the Salt or Vitriol 
recede from one another, and endeavour to ex- 
pand 



BOOK IIL 363 

pand themfelves, and get as far afunder as the 
quantity of Watdr in which ;.tliey float, will al- 
low ? And does not this E^idcavpur imply that 
they have a: rcpulfive Forte by which they fly 
from one another, or at leaA, that they attradt 
the Water jpore ftrongly than they do one ano- 
ther ? For as all things' afcend in Water which 
are lefs attf a<Scd than Water, by the grayitating 
Power of the Earth ; foall the Particles of Salt 
which float in Water, and ire lefs attra^d than 
Water by any one Particle of Salt, mull recede 
from that Fartiole, and give way to the move Mr 
traded Water. 

When any faline Liquor is evaporated to a Cur 
tide and let cool, the Salt- concretes in regular 
Figures -, which argues, that the Particles of the 
Sak.before they.concretedj floated ia the Liquor 
at equal diftances in nknk and file, a<id by confe- 
quence that they aded upo^ one another by fomc 
Power which at equal diftances is equals at une- 
qual difl;antes'. Unequal. For by iuch a Power 
they will. raoge themfelves uniibrnxly, and with- 
out it they will float iriregularly, , and come to- 
gether as irregularly. And flnce the Particles 
of Ifland-Cryftal a6t all the fame way upoa 
the Rays of Light for caufing the uauiual Re<- 
fradlion, inay- it not be fuppoied that in the For- 
mation of this* Cryflial, the Particles not only 
ranged themfelves in rank and fAc for concreting 
in regular Figures, but alfo by fome kind of po^ 
lar Virtue turned their homogcneal Skies the 
fame way. 

The Parts of all homo^encal hard Bodies 
which fully touch one another^ ftick together 

ver^ 
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very ftrongly. And for explaining how this 
may be, fomc have invented hooked Atoms, 
which is begging the Queftion^ and others tell 
us that Bodies are glued together by reft, that 
is, by an occult Quality, or rather by nothing; 
and others, that they ftick together by confpi- 
ring Motions, that is, by relative reft amongft 
themfelves. I had rather infer from their Co- 
hefion, that their Particles attraA one another by 
fome Force, which in^ immediate Contacft is ex- 
ceeding ftrong, at fmall diftances ^performs the 
chymical Operations above-mention'd , and 
reaches not far from the Particles with any fenfi- 
bleEffca. 

All Bodies feem to be compdfed of hard Par- 
ticles; For otherwife Fluids would not congeal ; 
as Water, Oik, Vinegar, and Spirit or Oil of 
Vitriol do by freezing 5 Mercury by Fumes of 
Ixad; Spirit of Nitre pnd Mercufy, by diffol- 
ving the Mercury and evaporating the Flegra j 
Spirit of Wine and Spirit of Urine, bydeflegm- 
ing and mixing them; and Spirit of Urine and 
Spirit of Salt, l?y fubliming them together to 
make Sal-armoniac. Even the Rays of Light 
feem to be hard Bodies; for otjierwife \hcy 
would not retain different Properties i(i their 
different Sides. And therefore (fardnefs may 
be reckoned the Property of all uncompounded 
Matter. Ac leaft, this feems to be as evident 
as the univcrfal Impenetrability of Jilattcr. • For 
all Bodies, fo far as Experience reachei^, are ei- 
ther hard, or may be hardened; and we have 
no other Evidence of univerfal Impenetrability, 
befides a large Experience without an experi^ 

mental 
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mental Exception. Now if compound Bodies 
are {o very hard as we find fome of theiri to 
be, and yet are very porous, ' and confift of Parts 
which are only laid together 5 the'>fimple Par- 
ticles which are void of Pores, arid were never 
yet divided, muft be niuch harden For fuch 
hard Particles being heaptd'up together, can' 
fcarce touch one another in more than a feW^ 
Points, and therefore muft ' be feparable by 
much lefs Force than is requifite to break a fo^^ 
lid Particle, .whofe Parts touch in all the Spaci' 
between them, without any Pores or Interftidog' 
to weaken their Cohefion. And how fuch viib 
ry hard Particles which are only laid together? 
and touch only in a few Points, can ftick tdg^ 
ther, and that fo firmly as they do, without thlP 
afliftance of fomething which caufesthem to 
be attraAcd or prefs'd towards one another, is 
very difficult to conceive. 

The fame thing. I infer alfo ffomi the cbhe^ 
ring of two pblifh'd Marbles invacuOy and from 
the ftanding of Quick-filver in the Bki-ohieter at . 
the height of 50, 60 or 70 Inches, or' above, 
wlipn ever it is well-purged of Air and careful- 
ly poured in, fo that its Parts be fevery where 
contiguous both to one another And ' to thfc 
Glafe. The Atmofphere by its weight preflcs 
the Quick-filver into the Glafs, to the height of 
29 or 30 Inches. And fome other Agent raifes 
it higher, not by preffing it info the Glafs, but 
by making its Parts ftick to the Glafs, and to 
one another. For upon any difcontinuation of 
Parts, made either by Bubbles or by ftiakin^ the 
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Glafs, the whole Mercury falls down to the 
height of 29 or 30 Inches. 

And of the fame kind with thefe Experi- 
ments are thofe that follow. If two plane po- 
lifh'd Plates of Glafs ( fuppofe two pieces of a 
polifti'd Looking-glafs ) be laid together, fo that 
their fides be parallel and at a very fmall di- 
ftance from one another, and then their lower 
edges be dipped into Water, the Water will 
rife up between them. And the lefs the di- 
ilance of the Glafles is, the greater will be the 
height to which the Water will rife. If the 
diflance be about the hundredth part of an Inch, 
the Water will rife to the height of about an 
Iisch ; and if the diftance be greater or lefs in 
any Proportion, the height will be reciprocally 
pi'oportional to the diftance very nearly. For 
the attraftive Force of the Glafles is the fame, 
whether the diftance between them be greater 
or lefs J and the weight of. the Water drawn 
up is the fame, if the height of it be recipro- 
cally proportional to the diftance of the Glafles. 
And in like manner. Water afccnds between 
two Marbles polifti'd plane, when their polif^ed 
fides are parallel, and at a very little diftance 
from one another. And if flender Pipes of 
Glafs be dipped at one end into ftaenating Wa^ 
ter, the Water will rife up within the Pipe, and 
the height to which it riles will be reciprocally 
proportional to the Diameter of the Cavity of 
the Pipe, and will equal the height to which it 
rifes between two Planes of Glafs, if the Semi- 
diameter of the Cavity of the Pipe be equal to 
the diftance betweei\ the Planes^ or thereabouts. 

And 
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And thefc 'Experiments fuccced after the fame 
manner in vacuo as in the open Air, (as hath 
been tried before the Royal Society, ) and there- 
fore are not influenced by the Weight or Pref- 
fure of the Atmofphere. 

And if a large Pipe of Glafs be filled with 
fifted Aflies well preffed together in the Glafs^ 
and one end of the Pipe b? dipped into ftagna* 
ting Water, the Water will rife up flowly in 
the Afties, fo as in the fpacc of a Week br Fort- 
night to reach up within the Glafs, to the height 
of 30 or 40 Inches above the ftagnating Waccr. 
And the Water rifes up to this height by the 
Aiftion only of thofe Particles of the Afhes which 
are upon the: Surface of the elevated- Water; 
the Particles which arc within the Water, at- 
trading orrepclling.it as much downwards as 
upwards. And therefore the AiSlion of the Par- 
ticles is very ftrong. But the Particles of the 
Afhes being' not fo denfe and ckjfe togetlier 
as thofe of Glafs, their Aftion is not fo ftrong 
as that of Glafs, which keeps Quick-filver ful- 
pended to the height of 60 or 70 Inches, and 
therefore uds with a Force which would keep 
Water fufpended to the height of above 60 
Feet. 

By the feme Principle, a Sponge fucks in 
Water, and the Glands in the Bodies of Ani- 
mals, according to their feveral Natures and 
Difpofitions, fuck in various Juices from the 
Blood. 

If two plane polifh'd Plates of Gafs three or 
four Inches broad, arid twenty or twenty five 
long, be laid one of them parallel to the Ho^-' 

rizon. 
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rizon, the other upon the firft, fo as it one of 
their end§ to touch one another, and contain an 
Angle of about lo or 15 Minutes, and the fame 
be firft moiften'd on their inward fides with a 
clean Cloth dipp'd into Oil of Oranges or Spirit 
of Turpentine, and a Drop or two of the Oil 
or Spirit be let fall upon the lower Glafs at the 
other end 5 fo foon as the upper Glafs is laid 
down upon the lower, fo as to touch it at one 
end as above, and to touch the Drop at the other 
end, niaking with the lower Gfafs an Angle of 
about 10 or 15 Minutes; the Drop will begin to 
move towards the Concourfe of the Glaffes, and 
will continue to move with an accelerated Mo- 
tion, till it arrives at that Concourfe of the 
Glaffes. For the two Glaffes attraft the Drop, 
and make it run that way towards which the At- 
tractions incline. And if when the Drop is in 
motion you lift up that end of the Glaffes where 
they meet, and towards which the Drop moves, 
the Drop will afcend between the Glaffes, and 
therefore is attracted. And as you lift up the 
Glafles more and more, the Drop will ajfcend 
flower and flower, and at length reft, being then 
carried downward by its Weight, as-much as up- 
wards by the Attraftion. And by this means 
you may know the Force by which the Drop is 
attradted at all diftances from the Concourfe of 
the Glaffes. 

Now by fome Experiments of this kind, 
(made by Mr. Hauksbee) it has been found that 
the Attraction is almoft reciprocally in a dupli- 
cate Proportion of. the diftancc of the middle 
of the Drop from the Concourfe of the Glaffes^ 

viz. 
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viz. reciprocally in a fknple Proportion, by rea- 
fon of the fpre^ding of the Drop, and its touch** 
ing each Glafs in a larger Surface -, and again re* 
ciprocall)r in a fimple Proportion, byr^on of ' 
tnc Attra<Stions growing ftrongcr within the 
fame quantity of attracting Surface* The At- 
tra<^ion therefore within the fame quantity of 
attrading Surface, is reciprocally as the diftance 
between the Glaffes. And therefore where the 
difhmce is Receding fmall, the Attraction muft 
be exceeding great* By the Table in the fe-- 
cond Part of the fecond Book, wherein the 
thicknefles of coloured Plates of Water be* 
tween two Glaffes are fet down, the thicknefs 
of. the Plate where it appears very black, is 
three eighths of the ten hundred thoufandth 
part of an IncL And where the Oil of O- 
ranges between the Glaffes is of this thicknefs, 
the Attradion colledted by the foregoing Rule, 
feems to be fo ftrong, as within a Circle of an 
Inch in diameter, to fuffice to hold up a 
Weight equal to that of a Cylinder of Water 
of an Inch in diameter, and two or three Fur-> 
longs in length. And where it is of a lefs 
thicknefs the Attraction miay be proportionally 
greater, and continue to increafe, until the 
thicknefs do xK)t exceed that of a fingle Par* 
tide of the Oik There are therefore Agents 
in Nature able to make the Particles of Bo- 
dies flick together by, very flrong Attractions, 
Aivl it is the Buiinefs of experimental Philofbphy 
to ^d them gut. 

B b Now 
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Now the fmalleft Particles of Matter may co- 
here by the ftrongeft Attradions, and compofc 
bigger Particles of weaker Virtue ; and many of 
thefe may cohere and compofe bigger Particles 
whofe Virtue is ftill weaker, and fo on for divers 
Succeffions, until the Progreflion end in the big- 
geft Particles on which the Operations in Chymi- 
ftry, and the Colours of natural Bodies depend, 
and which by cohering compofe Bodies of a fen- 
fible Magnitude. If the Body is cgmpadt, and 
bends or yields inward to Predion without any 
Hiding of .its Parts, it is hard and elaftick, re- 
turning to its Figure with a Force rifing from 
the mutual Attraction of its Parts. If the 
Parts Hide upon one another, the Body is mal- 
leable or foft^ If they flip eafily, and are of a 
fit Size to be agitated by Heat^ and the Heat is 
big enough to keep them in Agitation, the Body 
is fluid s and if it be apt to flick to things, it is 
humid J and the Drops of every fluid afFedl a 
round Figure by the mutual Attra<3:ion of their 
Parts, as the Globe of the Earth and Sea afiedts a 
round Figure by the 'mutual Attraction of itsParts 
by Gravity. 

Since Metals difTolved in Acids attract but a 
fmall quantity of the Acid, their^attraOive Force 
can reach but to a fmall diflance firom them. 
And as in Algebra, where affirmative Quanti- 
ties vanifh ahd ceafe, there negative ones be- 
gin 'j fo in Mechanicksj where AttraAion cea- 
les, there a repulflve Virtue ought to fucceed. 
And that there is fuch a Virtue, feemis to fol- 
low from the Reflexions, and Inflexions of the 
- Rays 
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Rays bf Light. For the Rays are repelled by 
Bodies in both thefe Cafes, without the imme- 
diate Contad of the refledting or infled:ing Bo- 
dy. It feems alfo to follow from the Emiflion 
of Light ; the Ray fo foon as it is Ihaken off 
from a (hinihg Body by the vibrating Motion of 
the Parts of th# Body, and gets beyond the 
reach of Attraftion, being driven away with ex- 
ceeding great Velocity. For that Force which 
is fufficient to turn it back in Reflexion, / may 
be fufficient to emit it. It feems alfo to -fol- 
low from the Produftion of Air and Vapour. 
The Particles when they arc fliaken off from 
Bodies by Heat or Fermentation, To foon as 
they are beyond the reach of the Attraction of 
the Body, receding from it, and alfo from one 
another with great Strength, and keeping at a 
diflance, fo as fometimes to take up above a 
Million of Times more fpace than they did be- 
fore in the form of a denfe Body. Which vaft 
Contradion and Expanfion feems unintelligible, 
by feigning the Particles of Ajr to be fpringy 
and ramous, or rolled up like Hoops, or by 
any other means than a repullive Power. The 
Particles of Fluids which do not cohere too • 
ftrongly, and are of fuch a Smallnefs* as renders 
them moft fufccptible of thofe Agitations which 
keep Liquors in a Fluor, are moft eafily fepa- 
rated and rarified into Vapouis and in the Lan- 
guage of the Chymifts, they are volatile, rari- 
fying with an cafy Heat, and condenfing with 
Cold. But thofe which are groffer, and fo lefs 
fufccptible of Agitation, or cohere by a ftrongeif 
B b 9 Attra(^io% 
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Attraftion,. arc not feparated without a ftrongcr 
Hear, or perhaps not without Fermentation. 
And thefe laft are the Bodies which Chymifts 
call fix'd, and being rarified by Fermentation, 
become true permanent Air ; thofe Particles re- 
ceding from one another with the grcateft 
Force, and being moft difficultly brought toge- 
ther, which upon Contadt cohere moft ftrongly. 
And becaufc the Particles of permanent Air arc 
grofTcr, and arife from denfer Subftances than 
thofe of Vapours, thence it is that true Air is 
more ponderous than Vapour, and that a moift 
Atmofphere is lighter than a dry one, quantity 
for quantity. From the fame repelling Power 
it feems to be that Flies walk upon the Wa- 
ter without wetting their Feet ; and that the 
Objedl-glaffes of long Telefcopes lie upon one 
another without touching 5 and that dry Pow- 
ders are difficultly made to touch one ano- 
ther fo as to ftick together, unlefs by melting 
them, or wetting them with Water, which by 
exhaling may bring them together; and that 
two polifh'd Marbles, which by immediate Con- 
tact ftick together, are difficultly brought fo 
clofe together as io ftick. 

And thus Nature will be very conformable 
to her felf and very iimple, performing all tho 
great Motions of the heavenly Bodies by the 
Attraction of Gravity which intercede thofe 
Bodies, and almoft all the fmall ones of their 
Particles by fome other attradive and repelling 
Powers which intercede the Panicles. The 
Vis inertia is a paffive Principle by which Bo- 

"^ dies 
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dies pcrfift in their Motion or Reft, receive Mo- 
tion in proportion to the Force imprefling it, 
and refift as much as they are refiftcd. By 
this Principle alone there never could have been 
any Motion in the World. Some other Principle 
was neccflary for putting Bodies into Motion; 
and now they are in Motion, fome other Prin- 
ciple is neceflary for conferving the Motion. 
For from the various Compofitioi\ of two Mo- 
tions, *tis very certain that there is not always 
the fame quantity of Motion in the World. For 
if two Globes joined by a flender Rod, revolve 
about their common Center of Gravity with 
an uniform Motion, while that Center moves 
gn uniformly in a right Line drawn in the 
Plane of their circular Motion ; the Sum of 
the Motions of the two Globes, as often as the 
Globes are in the right Line defcribed by their 
conmion Center of Gravity; will be bigger thaq 
the Sum of thejr Motions, when they are in Ji 
Line perpendicular to tfiat right Line. By this 
. Inftance it appears that Motion may be got or 
loft. But by reafon of the Tenacity of Fluids, 
and Attrition of their Pans, and the Weakncfs 
of Elafticity in Solids, Motion is n^uch more 
apt to%e loft than got, and is always upon the 
Decay. For Bodies which are either abfolutely 
hard, or fo foft as to be void of Elafticity, 
will not rebound from one another. Impene- 
trability makes them only ftop. If two equal 
Bodies meet dire<ftly in, yiacuo^ they will by the 
Laws of Motion ftop where they meet, and 
lofe all their Motion, ;^nd remain in reft, unlefs 

B b 3 they 
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they be elaftick, and receive new Motion from 
their Spring. If they have fo much Elafticity 
as fuffices to make them re- bound with a quar- 
ter, or half, or three quarters of the Force wirfi 
which they come together, they will lofe three 
quarters, or half, or a quarter of their Motion. 
And this may be try'd, by letting two equal 
Pendulums fall againft one another from equal 
heights. If the Pendulums be of Lead or foft 
Clay, they will lofe all pr almoft all their Mo- 
tions : If of elaftick Bodies they will lofe all but 
what they recover from their Elafticity. If it 
be faid, that they can lofe no Motion but what 
they communicate to other Bodies, the confe- 
quence is, that in vacuo they can lofe no Mo- 
tion, but when they meet they muft go on and 
penetrate one another's Dimenfions. If three 
equal round VefTels be filled, the one with Wa- 
ter, the other with Oil, the third with molten 
Pitch, and the Liquors be ftirred about alike 
to give them a vortical Motion \ the Pitch by 
ks Tenacity will lofe its Motion quickly, the 
Oil being lefs tenacious will keep it longer, and 
the Water being lefs tenacious will keep it long- 
eft, but yet will lofe it in ^ (hort time. Whence 
it is eafy to underftand, that if many contiguous 
Vortices of molten Pitch were each of them as 
large as thofe which fpme fuppofe to revolve 
about the Sun and fix'd Stars, yet thefe and all 
dieir Parts would, by their Tenacity and Stifihcfs, 
communicate their Motion to one another till 
they all refted among themielves. Vortices of 
Oil or Water, or fomc fluider Matter, mig)i( 

coQtinup 
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continue longer in Motion ; but unkfs the Mat- : 
tcr were void of all Tenacity and Attrition of = 
Parts, and Communication of Motion, (which j 
is not to be fuppofed,) the Motion would con- / 
ftantly decay. Seeing therefore the vatiety ctf j 
Motion which we i&nd in the World is always ■ 
decreafing, there is a neceflity of conferving 
and recruiting it by adive Principles, fuch as ;^ 
are the caufe of Gravity, by which Planets and '^ 
Comets keep their Motions in their O^bs, and 
Bodies acquire great Motion in falling ;. and the ■ 
caufe of l^'ermentation, by which the Heart and j 
Blood of Animals' are kept in perpetual Motion 
and Heat J the inward Parts of the Earth arc 
conftantly warm*d, and in fome places grow 
very hot} Bodies burn and fhine, Mountains 
take Fire, the Caverns of the Earth are blown 
tip, and the Sun continues violently hot and * 
lucid, and wariiis all things by his Light. For 
we meet with very little Motion in the World, 
befides what is owing to thefe a<9:ive Principles. 
And if it were not for thefe Principles, the Bo- 
dies of the Earth, Planets, Comets, Sun, tnd 
all things in them, would grow cold and freeze, 
and become inadive Maffes j and all Putrefadli- 
on. Generation, Vegetation and Life would ceafe, 
and the Planets and Comets would not remain in 
their Orbs. 

All thefe things being confider'd, it feertis pro- 
bable to me, that God in the Beginning for m'd 
Matter in folid, maffy, hard, impenetrable, move- 
able Particles, of fuch Sizes and Figures, and with 
fuch other Properties, and in fuch Pro|K)rtion 

Bb 4 to 
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to Space, as moil conduced to the End for 
which he form'd them ; and. that thefe primi- 
tive Particles being Solids, are incomparably 
harder than any porous Bodies compounded of 
them ; even fo very hard, as never to wear or 
break in pieces j no ordinary Power being able 
to divide what God himfelf made one in the firft 
Creation. While the Particles continue entire, 
they may compofe Bodies of one and the fame 
Nature and Texture in all Ages: But fliould 
they wegr away, or break in pieces, the Namre 
of Things depending on them, would be chan<« 
ged. Water and Earth, compofed of old worn 
Particles and Fragments of Particles, would not 
be of the fame Nature and Texture now, with 
Water and Earth compofed of entire Particles 
in the Beginning. And therefore, that Nature 
may be lading, the Changes of corporeal Things 
are to be placed only in the various Separations 
and new Aflbciations and Motions of tnefe per- 
manent Particles ; compound Bodies being apt 
to break, not in the midft of folid Particles, but 
where thofe Particles are laid together, and only 
couch in a few Points. 

It feems to me farther, that thefe Particles 
have not only a Vis inertiay accompanied with 
fuch pafiive Laws of Motion as naturally refult 
from that Force, but alfo that they are moved 
by certain aftiyc Prmciples, fuch as is that of 
Gravity^ and that which caufes Fermentation, 
and the Cohelion.of Bodies. Thefe Principles 
I confider, not as occult Q^ities, fuppofed to 
rcfult frpm the fpecifick Forms of Things, but 
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as gertwal Laws of Nature, by which the Thinga ' 
'^mielves are form'dj their Truth appearing 
to us by Phaenomcna, though their Caufes be 
not yet difcover'd. For thefe are manifeft Qua- 
lities, and their Caufes only are occuh. And 
the jirijiotelians gave the Name of occult Qua- 
lities, not to manifeft Qualities, but to fuch 
Qualities only as they fuppofed to lie hid in 
Bodies, and to be the unl^own Caufes of ma- 
nifeft Effeds : Such as would be the Caufes of 
Gravity, and of magnetick and *eledtrick At- 
tradlions, and of Fermentations, if we fhould 
fuppofe that thefe Forces or Actions arofe from 
Qualities unknown to us, and uncapable of be- 
ing difcovered and made manifeft. Such oc- 
cult Qualities put a ftop to the Improvement 
of natural Phdofophy, and therefore of late 
Years have been rejected. To tell us that e- 
very Species of Things is endow'd with an oc- 
cult fpecifick Quality by which it ads and pro- 
duces manifeft Effeds, is to tell us nothing: But 
to derive two or three general Principles of Mo- 
tion from Phenomena, and afterwards to tell us 
how the Properties and Aiftions of all corporeal 
Thines follow from thofe manifeft Principles; 
would be a very great ftep in Philofophy, though 
the Caufes of thofe Principles were not yet dif- 
cover'd : And therefore I Icruple not to propofe 
the Principles of Motion above-mention'd, they 
being of very general Extent, and leave their 
Caufes to be found (Jut. 

Now by the help of thefe Principles, all ma- 
terial Things icem to. have been compofed o^ 

the 
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the hard and folid Particles above-mentioh'd, 
varioufly affociated in the firft Creation by the 
Counfel of an intelligent Agent. For it became 
him who created them to fet theno in order. 
And if he did fo, it's unphilofophical to feek 
for any other Origin of the World, or to pre- 
tend that it might arife out of ^ Chaos by the 
mere Laws of Natures though being once 
form'd, it may contioue by thofe Laws for ma- 
ny Ages. For while Comets move in very ex- 
centrick Orbs in all manner of Pofitipns, blind 
Fate could never make all the Planets move 
one and the fame way in Orbs concentrick, 
fome inconfiderable Irregularities excepted, 
which may have rifen from the mutual Adtions 
of Comets and Planets upon one another, and 
which will be apt to increafe, till this Syftem 
wants a Reformation. Such a wonderful Uni- 
formity in the Planetary Syftem muft be allow- 
ed the EfFeft of Choice. And fo muft the 
Uniformity in the Bodies of Animals, they ha- 
ving generally a right and a left fide fliaped a- 
like, and on either fide of their Bodies two 
Legs behind, and either two Arms, or two 
I^egs, or two Wings before upon their Shoul- 
ders, and bfetween their Shoulders a Neck run- 
ning down into a Back-bone, and a Head up- 
on it 5 and in the Head two Ears, two Eyes, a 
Nofe, a Mouth, and a Tongue, alilce fituated 
Alfo the firft Contrivance of thofe very artifi- 
cial Parts of Animals, the* Eyes, Ears, Brain, 
Mufcles, Heart, Lungs, Midriff, Glands, La- 
rynx, HandS) Wings, fwimming Bladders, na- 
i : tural 
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rural Spcftaclcs, and other Organs of Scnfe and 
Motion; and the Inftinfl: of Brutes and Infcds, 
can be the effedt oF nothing elfe than the Wif- 
dom and Skill of a powerful ever-living Agent, 
who being in all Places, is more able by 
his Will to move the Bodies within his bound- 
lefs uniform Senforium, and thereby to form 
and reform the Parts of thc.Univerfe, than we 
Ikre by our Will to move the Parts of our own 
Podies. And yet we are not to confider the 
World as the Body of God, or the feveral Pans 
thereof, as the Parts of Go4 He is an uni- 
form Being, void of Organs^ Members or Parts, 
and they are his Creatures fubordinate to him, 
and fbbfervicnt to his Will 5 and he is no more 
the Soul of them, than the Soul of Man is the 
Soul of the Species of Things carried through 
the Organs of Senfe into the place of its Sen- 
fation, where it perceives them by means of its 
immediate Prefence, without the Intervention 
■of any third thing. The Organs of Senfi arc 
not for enabling the Soul to perceive the Spe- 
cies of Things in its Senforium, but only for 
conveying theiji thither 5 and God has no need 
of fuch Organs, he being every where prcfcnt 
to the Things themfelves. And fince Space is 
divifible in infinitum^ and. Matter is not necef- 
farilv in all places, it may be. alfo allow'd that 
Goa is able to create Particles of Matter of fe- 
veral Sizes and Figures, and in feveral Propor- 
tions to Space, and perhaps of diflferent Denfi- 
ties and Forces, and thereby to vary the Law3 
Qf Nature, and make Worlds of feveral forts in 

feveral 
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feveral Parts of the Univerfc. At Icaft, I fee no- 
thing of Contradiction in all this. 

As in Mathcmaticks, fo in Natural Philofo- 
phy, the Inveftigation of difficult Things by the 
Method of Analyfis, ought ever to precede the 
Method of Compofitiori. This Analyfis con- 
fifts in .making Experiments and Obfervations, 
and in drawing general Conclufions from therrj 
by Induction, and admitting of no Objedtions 
againft the Conclufions, but fuch as are taken 
from Experiments, or other certain Truths. 
For Hypothefes are hot to be regarded in ex- 
perimental Philofophy. And although the ar- 
guing from Experiments and Obfervations by 
Induftion be no Demonftration of general Con- 
clufions ; yet it is the bcft way of arguing which 
the Nature of Things admits of, and may be 
looked upon as fo much the ftronger, by how 
much the Indudion is more general. And if 
no Exception occur From Phaenomena, the Con- 
clufibn may be pronounced generally. But if 
at any time afterwards any Exception (hall oc- 
cur from Experiments, it may then begin to be 
pronounced with fuch Exceptions as occur. By 
this way of Analyfis we may proceed from Com- 
pouncts to Ingredients, and from Motions. to the 
Forces producing them^ and in general, from 
EfFedls to their Caufes , and fi-om particular 
Caufes to more general ones, till the Argument 
end in the moft general.. This is the Method 
of Analyfis : And the Synthefis confifl:s in af- 
fuming the /Caufes difcover'd , and eftablifh'd 
as Principles, and by them explaining the Phe- 
nomena 
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tioroena proceeding from them, and proving the 
Explanations. ^ 

. Ift. the two firft Books of .thefe Opticks, I 
proceeded by this Analyfis to difcover and prove 
the original Differences of the Rays of Light in 
refpedt of Rcfrangibility, Reflcxibility, and Co* 
lour, and their alternate Fits of eafy Reflexion 
and eafy Tranfmiflion, and the Properties of 
Bodies, both opake and pellucid, on which 
their Reflexions and Colours depend. And 
thefe Difcovcries being proved, may be aflfumed 
in the Method of Compofition for explaining 
the Phaenoniena arifmg from them: An In- 
ftance of which Method I gave in the End of 
the firft Book. In this third Book I have only 
begun the Analyfis of what remains to be dif- 
cover'd about Light and its EflFefts upon the 
Frame of Nature, hinting feveral things about 
it, and leaving the Hints to be examined and 
improv'd by the farther Experimenta and Ob- 
fervations of fuch as arc mquifitivc. And if 
natural Philofophy in all its Parts, by purfuing 
this Method, (hall at length be perfeaed, the 
Bounds of Moral Philofophy will be alfo enlar- 
ged. For fo far as we can know by natural 
Philofophy what is the firft Caufe» what Power 
he has over US| and what Benefits we receive 
from him, fo far our Duty towards him, as well 
as that towards one another, will appear to u$ 
by the Light of Nature. And no doubt, if ^hq 
\Vor(h:p of falfe Gods had not blinded the Hea- 
then, their moral Philofophy would have gone 
farther than to the four Cardinal Virtues > and 

inftead 
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inftead of teaching the Tranfmigration of Souls, 
and to worfliip the Sun and Moon, and dead 
Heroes, they would have taught us to worfliip 
our true Author and Bencfaftor, as their -Ancc- 
ftors did under the Government of Noah and his 
Sons before they.corruptcd themfelves. 
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